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THEORY OF X-RAY PRODUCTION 


Structure of the Atom 


All the elements are composed of atoms. 
Chemically they are the smallest structural 
units, but physically they are assumed to be as- 
semblies of subatomic, electrically charged par- 
ticles, namely electrons (negatively charged) 
and nuclei (positively charged). In each atom 
the positive charge on the central nucleus is 
equal to the negative charge on the surrounding 
electrons, but in respect to mass and volume 


. the nucleus and the electrons are unlike by 


i 


orders of magnitude. The total mass of the 


- electrons of an atom is negligible compared to 


that of the nucleus, and yet the volume of the 
nucleus is negligible compared to that of the 


“entire atom. 


According to an early model, the atom is 
mostly empty space, with central nucleus and 
planetary electrons moving in definite orbits. 
In the currently accepted model, electrons have 
only a maximum probability of being inter- 
cepted in definite orbits. 

If one or more of the electrons is somehow 
removed from the atom, the atom is said to be 
ionized and is called a positive ion. Ionization 
is discussed in detail later. The energy re- 
quired to ionize an atom depends upon the 
original state of position and motion of the 
removed electron or electrons with respect to 
the attracting nucleus. In the normal atom 
there are a limited number of these different 
states of levels of energy each of which can be 
occupied by electrons of the atom. 

The greatest amount of energy (an amount 
equal to the so-called “binding energy’’) is re- 
quired in removing an electron from its K level. 
The amounts are progressively less for the L, 
M, N, etc. levels. The levels of lower binding 
energy are of less interest to the radiographer. 


The Nucleus 


The structure of the nucleus of the atom, 
though not as important to the theory of x-ray 


the atomic number of the elements. 


production as to the understanding of radio- 
activity, is briefly described, as follows: The 
nucleus, according to the present model, is an 
assembly of two kinds of particles of about 
equal mass. The proton (positively charged) 
and the neutron (neutral), have the form and 
consistency of a liquid droplet of inconceivably 
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FIGURE 1. Energy level diagram of. a sodium atom 


(atomic number 11). Left: Normal state in which 
eleven electrons occupy the lowest possible levels. Cen- 
ter: Excited state in which one electron occupies a level 
higher than normal. Right: Ionized state in which one 
electron has been displaced beyond the influence of the 
atom so that the atom is left with a net positive charge. 
The letters refer to possible electron displacements 
which result in spectral lines of specific energies 


great density. The nucleus of the atom is usu- 
ally stable and resistant to extreme physical 
conditions. However, atoms of the so-called 
radioactive elements, being unstable, release 
particles and radiation. These phenomena will 
be discussed in some detail in Chapter 10. 
The number of protons in the nucleus or the 
number of electrons in a neutral atom is called 
The aver- 
age value of the masses of the atoms of any 
other element (as they occur naturally) rela- 
tive to the average for oxygen (assumed to be 
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16) is called the atomic weight of that element. 
The sum of the number of protons and the num- 
ber of neutrons assumed to be in combination 
in the nucleus of an atom is the mass number of 
that atom. A neutron has very nearly the same 
mass as a proton, but is electrically neutral. 

Perhaps the simplest mechanical analogy of 
an atom is the Bohr atomic model. An atom of 
an element, according to this theory, has a cen- 
tral, massive nucleus with a positive charge 
equal to the atomic number and an equal nega- 
tive charge consisting of electrons whirling 
about the nucleus in circular orbits. The num- 
ber of protons in the nucleus equals the num- 
ber of electrons in the orbits; the number of 
neutrons in the nucleus equals the mass num- 
ber minus the atomic number of the element. 
The tendency of an electron to fly off from the 
vicinity of the nucleus is just balanced by the 
electrical attractive force between the electron 
and the nucleus. For example, the Bohr model 
of the lithium atom of mass number 7 and 
atomic number 3 is shown in Figure 2. 

o_o 
Bo NG 


“sean ass 


FIGURE 2. Bohr model of lithium atom 


This model suggests that the atom is like a 
miniature solar system. The nucleus is analo- 
gous to the sun and the electrons are analogous 
to the planets, which also rotate about axes 
similar to the earth’s axis. This latter motion 
is called electron spin. Although this model 
is satisfactory from a mechanical point of view, 
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it is not completely satisfactory because the 
theory implies a knowledge of the form of the 
paths of the electron in the atom, and this has 
not been revealed by experiments. 


Radiation Theories 


Radiation is the process of propagating 
energy by a wave motion through matter or a 
vacuum. The forms of radiant energy de- 
scribed here apparently travel through evacu- 
ated space unchanged, but their travel through 
matter is marked by transformations of radiant 
energy into other forms. The various types of 
radiation include in descending order of wave 
length, the radiation used in radio broadcasting, 
heat or infra-red radiation, visible light, ultra- 
violet radiation, x-rays, gamma rays, and per- 
haps cosmic rays. It is assumed that these 
types are basically the same; wave length is 
their differentiating factor. See Figure 3. 


WAVELENGTH IN 





Representation of the electromagnetic spec- 
trum in terms of wavelength 


FIGURE 3. 


Most of these types of radiation have been 
discovered in the last fifty years. Previously, 
visible light and heat were the only known radi- 
ations, and their similarity was not recog- 
nized. The early theories of radiation were 
based chiefly upon experiments with light. 


_ Theory of X-Ray Production 


Some Properties of Radiation to be Explained by 
Theory 


1. RECTILINEAR PROPAGATION 


X-Rays and light travel in a straight line 
through air or a vacuum. 


2. SPEED 
The speed of light or x-rays in a vacuum is 
approximately 300,000 kilometers per second, 
or 186,000 miles per second. 


3. REFLECTION 
The reflection of light by a smooth surface 
such as a mirror is a well-known phenomenon. 
X-rays behave similarly, though with smaller 
angles. The angle of incidence is always equal 
to the angle of reflection, Figure 4. 


A’ B 


CO 
PRRKK/ 
FIGURE 4. Reflection 


4. REFRACTION 


When radiation passes obliquely from one 
medium to another denser medium, the beam 
is refracted toward the normal in the denser 
medium. See Figure 5. A common manifesta- 
tion of refraction is the apparent bending of a 
stick partially immersed in water. 


FIGURE 5. Refraction 


5. DIFFRACTION 

The phenomenon of the partial or complete 
interference of light or x-rays can occur during 
the intersection of the paths of two waves, if 
the waves have the same source and are out 
of phase with each other by virtue of an ef- 
fective difference in the length of their respec- 
tive paths. See Figure 6. 


(1) 
(1) 


FIGURE 6. Diagrammatic representation of the rein- 
forcement (top) and interference (bottom) of two 
waves 1, 2 intersecting at C. In the first case the waves 


are in phase at C; in the second case they are 180° out 
of phase 


6. POLARIZATION 

This is a phenomenon by which light or x- 
rays are polarized after passing through a 
sheet of minute longitudinal crystals and are 
blocked or obstructed by a second sheet whose 
crystals are at 90 degrees to the first, indi- 
cating that radiation is a transverse wave and 
that the vibrations exist in one plane only after 
traversing the first sheet. 


A Transverse Wave 


In a transverse wave the particles of the 
medium move effectively at right angles to the 
direction of propagation of energy. A familiar 
example of a wave with a transverse component 
is a wave on the surface of a pool of water. 
If a stone is dropped in such a pool, a circular 
wave spreads out from this point. A cork 
floating on the water indicates the motion of 
the particles of the medium. The cork moves 
not parallel to the original surface of the still 
water, but bobs up and down. The transverse 
motion of the cork is vertical while the wave is 
propagated horizontally. The relations of wave 
length A, frequency », and velocity c of propa- 


c 
gation are expressed by 4 —=——or wave length 
Vv 


x frequency equals velocity. Under suitable 
conditions of source and medium, transverse 
waves may be propagated spherically, etc. 
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The Electromagnetic Wave Theory 


Analyses show that certain motions of elec- 
tric charges cause the propagation through 
space of certain interdependent electric and 
magnetic effects vibrating, in phase, but 90 
degrees apart in space, in planes parallel to 
the direction of propagation. See Figure 7. 





FIGURE 7. Electromagnetic Waves. E=Electric Field; 
H=Magnetic Field 


Energy is propagated by these electromag- 
netic waves. Perhaps the simplest source of 
an electromagnetic wave is an electron oscillat- 
ing in a straight line. The electric and mag- 
netic effects produced at points in the sur- 
rounding space by this electron are changing 
because its position and velocity are changing. 
The electric and magnetic effects (such as the 
force on an electric charge) therefore oscillate 
at the same frequency as the moving electron. 
Under suitable conditions an electromagnetic 
wave is initiated in this way. 

The energy supplied to maintain the oscilla- 
tion of the electron is in part propagated out 
into space. Electrons in the path of the wave 
are caused to oscillate as the electromagnetic 
wave passes over them. The frequency of the 
electromagnetic wave is determined by the fre- 
quency of oscillation of the electron which is the 
source. The velocity, and consequently the 
wave length, depend upon the medium through 
which the electromagnetic wave travels. The 
velocity of any electromagnetic radiation in a 
vacuum, whatever the frequency, is a constant, 
about 3 x 10* meters per second. 


The Quantum Theory 


The German physicist, Planck, developed a 
hypothesis that was contrary to the electro- 
magnetic wave theory. He assumed that radi- 
ant heat was not continuous (i.e., describable 
by a wave), but was made up of minute 
“chunks” or quanta of energy radiated in a 
vacuum with the velocity of light. He assumed 
that these separate quanta of energy were so 
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small in magnitude (of energy) that the num- 
ber of them that passed in each second near 
a point in a radiated space was enormous. 

For example, the heat from a 1,000-watt 
electric heater at a distance of one meter would 
comprise about 10** quanta per square centi- 
meter per second according to this theory. 
Planck further assumed that the energy of a 
quantum of radiant energy could be calculated 
by multiplying the frequency of the radiation of 
which it is a part by a universal constant (h), 
which is called Planck’s constant. The fre- 
quency that was to be used in this calculation 
was precisely the frequency that is obtained 
(under the guidance of the wave theory) by di- 
viding the measured wave length of the radia- 
tion into the velocity of light in a vacuum. 
Thus, the energy (W) of a quantum was as- 
sumed to be 
= hv joules, 

— Planck’s constant, 


y= frequency 


wave length, 
speed 


The Dual Nature of Radiation 


The quantum theory of radiation has been 
relatively successful in correlating the experi- 
mental data on the interaction of radiation and 
atoms, such as the photoelectric effect. How- 
ever, the quantum hypothesis is not as success- 
ful as the wave theory in dealing with inter- 
ference, diffraction, and polarization. Conse- 
quently, the wave theory is used to solve prob- 
lems involving these phenomena. Radiation is 
assumed to be either a wave or a beam of 
energy quanta, depending upon which assump- 
tion is more convenient for the problem at hand. 


QA r +!190 x 3S 
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Production of X-Rays 
Discovery of X-Rays 

In December, 1895, Roentgen presented a 
paper describing his experiments with “a new 
form of radiation.” He detected the presence 
of this radiation while he was investigating the 
phenomena that occur in a partially evacuated 
tube when an electric current flows between 
electrodes in the tube. Roentgen called the 
new radiation x-rays, and this name is still 
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generally used. However, the name Roentgen- 
rays, suggested as a means of honoring their 
discoverer, is also used, particularly in relation 
to the use of the rays in medicine. 


Production of X-Rays 


Electrons are supplied by a coil of incan- 
descent tungsten wire heated by the passage 
of an electric current through it. The electrons 
emitted by the cathode are accelerated in the 
direction of the anode by the high potential 
difference applied between the anode (+-) and 
the cathode (—). Thus the velocities and kin- 
etic energies of the electrons increase until they 
reach the anode where they are suddenly stopped 
and their kinetic energies transformed into x- 
rays and heat. The following types of x-rays 
are produced at any single instant. 


1. MINIMUM WAVE LENGTH 

When an electron with kinetic energy (Ve) 
strikes the target of the x-ray tube the energy 
may be transformed in a variety of ways. The 
simplest transformation occurs when the elec- 
tron strikes the nucleus of a target atom. The 
mass of the nucleus is so great that it is not 
appreciably disturbed by the impact of the elec- 
tron. Therefore, the nucleus gains no energy. 
The electron, however, is stopped by the col- 
lision and loses all its kinetic energy. 

Since the electron loses its energy and the 
nucleus gains no energy, the kinetic energy 
must be transformed into a quantum of radia- 
tion. The energy of a quantum of radiation, 
or photon as it is sometimes called, is hce/a 
where hk is Planck’s constant, c is the velocity 
of light, and A is the wave length of the radia- 
tion. The energy of the quantum is equal to 
the kinetic energy of the electron just before 
it stops so that 





he he 
= Ve joules or Agim = “ye meters 
where Amn = minimum wave length 
h = Planck’s constant 
c = Velocity of light 
V = impressed voltage 


e = electron charge 
Thus the wave length of the radiation produced 
by the total transformation of the kinetic energy 
of a moving electron can be calculated if the 
x-ray tube voltage is known. This equation 


determines the minimum wave length of x-ray 
quanta that can be produced. When the values 
of the constants h, c, and e are substituted, the 
minimum wave length Amin is 


12,354 
Anin — V A 





where A = Angstrém unit = 10-'° meter and 
where V is the x-ray tube voltage in volts. 


2. CONTINUOUS SPECTRUM 


There are very few electrons traversing the 
space between the cathode and anode that un- 
dergo nuclear collisions when they strike the 
target. Most of the oncoming electrons inter- 
act with electrons associated with the target 
atoms. In this process only a part of the energy 
of a high-speed electron is required to remove 
an atomic electron from an atom. 

When an impinging electron has lost some 
of its energy in this way and then is suddenly 
stopped by an atomic nucleus, the energy that 
is transformed into an x-ray photon is less 
than the original kinetic energy, Ve of the elec- 
tron. The quantum of radiation that is pro- 
duced in this manner has a wave length greater 
than \mn. Since the kinetic energy of electrons 
striking the target may be transformed directly 
into photons (Am), or transferred partially to 
electrons of the target and the remainder sub- 
sequently transformed into quanta greater than 
Amin (A >Amin), X-rays of many wave lengths are 
emitted. 


X-ray quanta produced by, collisions of elec- 
trons ejected from target atoms by cathode rays, 
with atomic nuclei, also contribute to the pro- 
duction of the continuous spectrum. Further- 
more, electrons travelling close to nuclei may 
emit radiation without losing all of their kinetic 
energies. The spectrum of the x-ray produced 
in this manner is known as the continuous spec- 
trum. See Figure 9. 


3. CHARACTERISTIC X-RAY SPECTRAL LINES 


The x-ray quantum emitted by an atom of an 
element as the result of the removal of an elec- 
tron of high binding energy and its subsequent 
replacement has energy corresponding to a 
wave length that is characteristic of the ele- 
ment. The x-rays produced in this manner by 
atoms of the element are called, therefore, char- 
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acteristic x-rays. The complete spectrum of 
the x-rays produced in an x-ray tube therefore 
includes narrow bands of wave lengths for each 
of which the intensity is greater than for wave 
lengths adjacent to the band. These bands are 
produced by characteristic x-rays, and they are 
made up of characteristic spectral lines. 

When an impinging electron having sufficient 
energy strikes a K electron in a target atom, 
the K electron acquires kinetic energy from the 
impinging electron and escapes from the atom. 
This K level has therefore a vacancy. The atom 
may return to its normal state by the transition 
of an electron from some other level to the 
vacancy in the K level. There are five trans- 
itions of this kind and these are shown on the 
energy level diagram, Figure 8. Each of the 
five transitions to the K level produces radiation 
of a particular wave length, and therefore each 
transition is represented by a single line in the 
x-ray spectrum. These lines are known as char- 
acteristic lines since their wave lengths are de- 
termined by the material of the target. 


WAVE LENGTH 
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FIGURE 8. Tungsten energy level diagram for the 
correlation of characteristic spectral lines. Energy 
levels are designated by wavelengths 


The phenomena described above that give 
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rise to the K series also occur when an electron 
is displaced from any other energy level. Thus 
there is a series of characteristic lines corre- 
sponding to each energy level of the target 
atoms. The series produced by displacement 
of electrons from the three L levels is sometimes 
of importance but the M, N, O, etc., series have 
such long wave lengths and are so easily ab- 
sorbed by the glass wall of the x-ray tube that 
they may usually be neglected. The L series 
is really three separate series arising from the 
three L energy levels, but since these levels are 
so close together the resulting characteristic 
lines are likewise close and the three series are 
frequently referred to as the L series. 

All elements having energy-level distribu- 
tions similar to that shown for tungsten in 
Figure 8 have characteristic K and L lines oc- 
cupying the same relative positions in their 
spectra. However, the wave length of a par- 
ticular line has for each element a different 
wave length. The Ka; line for example. has a 
wave length for any element that may be cal- 
culated approximately from the formula known 
as Moseley’s Law: 


1170 
Moar = (A — 1)? Angstrém Units 
where A is the atomic number of the element. 
In general the wave length of a line having a 
particular designation such as Ka, decreases 
as the atomic number increases. 

The production of any series of characteristic 
lines requires an x-ray tube voltage high enough 
to give the impinging electrons kinetic energy 
at least equal to the binding energy of the 
atomic electron that must be displaced in order 
to produce the series. 

4. THE COMPLETE X-RAY SPECTRUM 

The production of the continuous x-ray 
spectrum and the production of the character- 
istic line spectrum have been described as 
separate phenomena. In the operation of an 
x-ray tube both phenomena occur at the same 
time and the complete x-ray spectrum is of the 
form but not the quantity shown in Figure 9. 

In this complete spectrum the intensity is 
zero at wave lengths below the minimum wave 
length Amn» which is determined by the x-ray 
tube voltage. As the wave length increases in 
the direction indicated by the arrow the in- 
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K SERIES 


CONTINUOUS SPECTRUM 


a 


L SERIES 


INTENSITY 


Ain WAVELENGTH 
FIGURE 9. General form of the complete x-ray spectrum 
for an x-ray tube peak voltage considerably higher than 
that required to produce the K series of the character- 

istic line spectrum 


—_——— ee 


tensity increases to a maximum and then 
decreases. The wave length at which the maxi- 
mum intensity of the continuous spectrum oc- 
curs is approximately 1.3 times the minimum 
wave length. 

Beyond the maximum the intensity de- 
creases continuously except at the character- 
istic wave lengths where it becomes much 
higher than the intensity of the continuous 
spectrum adjacent to those wave lengths. The 
K and L series of characteristic lines are shown 
on the figure. If the measured x-ray beam has 
not passed through an absorbing substance 
such as glass, the M series may be found to the 
right of the L series. 


Heat and the Efficiency of X-Ray Production 


When a cathode ray electron strikes the 
target of an x-ray tube it most likely will lose 
its energy by processes which may be de- 
scribed as collisions with the electrons in the 
atoms of the target. Practically all of this lost 
energy ultimately appears in the heating of 
the target. These multiple collisions displace 
electrons from levels of high binding energy 
to lower levels and may eject low energy elec- 
trons. In returning to their original orbits or 
energy levels smaller quanta of energy are 
omitted than are required to produce x-rays. 
These lower energy or longer wave length 
photons are emitted as heat. 

The heat loss is large as may be seen from 
the following formula for efficiency in percent 


of x-ray production: 

E = 1.1 x 107 ZV 
where E' = efficiency in percent 
Z = atomic number of target 
V = tube potential 

For a tungsten target at 100 KV the ef- 
ficiency of x-ray production is 0.8 percent. For 
a tungsten target of 400 KV the efficiency is 
3.26 percent. 

From the formula it is evident that the higher 
the atomic number of the target and the higher 
the impressed voltage, the higher is the effi- 
ciency of x-ray production. 


Formulae 


1. Energy of a quantum of radiation or a 
photon is equal to kinetic energy of electron. 


he 
Ve joules = energy of photon = a 


h = Planck’s constant = 6.55 «-10-"4 
erg. sec. 
= x-ray wave length in Angstrom 
units 
2. Therefore the minimum wave length 
possible is 
Amin = 12354 Angstrom 


ot 


V 
Angstrom unit = 10° cm. 

3. In the continuous spectrum the peak of 
the curve, or point of highest x-ray intensity, 
is 

r of greatest intensity = 1.3 Ani 
effective voltage = .7 < peak voltage 
(Kramer’s Law) 


Theory of Low-Voltage Production of X-Rays 


X-rays are produced when electrons, travel- 
ing at high speed, collide with matter in any 
form. In the usual form of x-ray tube, an in- 
candescent filament supplies the electrons. This 
filament is the cathode, or negative electrode, 
of the tube. A high voltage applied to the tube 
drives the electrons to the anode, or target, 
thereby generating the x-rays. The design 
and spacing of the electrodes, and the degree 
of vacuum, are such that no electrical discharge 
between cathode and anode is possible until the 
filament of the cathode is heated. 

Figure 10 is a schematic diagram of the 
essential parts of an x-ray tube. The filament 
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is heated by a current of several amperes from 
a low voltage source, generally a small trans- 
former. The focusing cup serves to concen- 
trate the stream of electrons on a small area 
of the target, called the focal spot. This stream 
of electrons constitutes the tube current, and is 
measured in milliamperes. 


FOCUSING CUP 
TARGET 


Ave 
4 iectacia 


A 


Ef 
SX i; 


+ 
Anode (+) 





Cathode (-) 


/ X-rays 
1 I | 


FicurE 10. Diagram of x-ray tube 


The higher the temperature of the filament, 
the greater is its emission of electrons, and the 
larger the resulting tube current. The tube 
current is controlled, therefore, by some device 
which regulates the heating current supplied to 
the filament, and this is accomplished usually 
by a choke coil or variable resistor in the pri- 
mary circuit of the filament transformer. Other 
conditions remaining the same, the x-ray out- 
put is proportional to the tube current. 

Most of the energy applied to the tube for 
the production of x-rays is transformed into 
heat at the focal spot. This high concentration 
of heat in a small area imposes a severe burden 
on the materials and design of the anode. The 
efficiency of the target material in the produc- 
tion of x-rays is proportional to its atomic num- 
ber. The high atomic number of tungsten, in 
combination with its high melting point, makes 
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it a suitable material for the target of an x-ray 
tube. 

Circulation of water or oil in the interior of 
the anode is an effective method of carrying 
away the heat. In the absence of provision for 
liquid cooling, the use of copper for the main 
body of the anode provides high heat con- 
ductivity, while radiating fins on the end of the 
anode outside the tube transfer the heat to the 
surrounding oil or air. 

The focal spot should be as small as condi- 
tions permit, in order to secure the sharpest 
possible definition in the radiographic image. 
The smaller the focal spot, the less energy it 
will withstand without damage. Manufac- 
turers of x-ray tubes furnish data in the form 
of charts indicating the kilovoltages and milli- 
emperages that may be safely applied at various 
exposure times, and the life of any tube will 
be prolonged considerably if it is always 
operated within the rated capacity. 

A focal spot of small effective size, though 
the actual focal area on the anode face may 
be fairly large, is provided by the principle of 
the line focus, illustrated in Figue 11. 





Effective Focal Spot 


~~ 
FIGURE 11. Diagram of line-focus tube showing rela- 
tion between actual focal spot (area of bombardment) 
and effective focal spot, as projected from a 20° anode 

By making the angle between anode face and 
central ray small, usually 20 degrees, the ef- 
fective area of the spot is only a fraction of its 
actual area. With the focal area in the form of 
a long rectangle, as shown, the projected area, 
in the direction of the central ray, is square. 


Theory of X-Ray Production 


As will be seen later, different voltages are 
applied to the x-ray tube to meet the demands 
of various classes of radiographic work. The 
higher the voltage, the greater the speed of 
the electrons striking the focal spot. The re- 
sult is a decrease in wave length of the x-rays 
emitted and an increase in their intensity, 
and in their penetrating power. The x-rays 
produced, for example, at 200 kilovolts contain 
all of the wave lengths that would be produced 
at 100 kilovolts, and with greater intensity. 
In addition, the 200-kilovolt.x-rays include some 
shorter wave lengths which did not exist in the 
100-kilovolt spectrum at all. The higher volt- 
age x-rays are used for the penetration of 
thicker and heavier materials. 
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Principal electrical features of an x-ray 
machine 


FIGURE 12. 


Figure 12 is a schematic diagram of x-ray 
generating apparatus. The connection of an 
autotransformer to the alternating current 
main makes possible the adjustment of voltage 
applied to the high-voltage x-ray transformer 
to suit the work at hand. This high-voltage 
transformer usually raises the applied voltage 
by a factor of 1,000 or more. 

The relation between current and voltage in 
the transformer is that E, I; = Es. In, where 
E, I, and E. I, are the products of voltage and 
current in the primary and secondary windings 
of the transformer, respectively. For example, 
if E'; is 200 volts and J, is 5 amperes, 200 volts 
x 5 amperes = 200,000 volts « 0.005 ampere. 

Another way of expressing the output in this 
case is to say that the secondary side of the 
transformer is delivering 5 milliamperes at 200 
kilovolts. The product gives 1000 watts, which 
is the power input of the transformer. This 
equation assumes, of course, that the trans- 
former is 100% efficient. Actually, it is not 
possible to obtain as much power on the sec- 
ondary high voltage side of the transformer 
as is applied to the primary low voltage side. 
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FIGURE 138. Types of x-ray machine voltage wave forms 
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The type of voltage wave form supplied by 
the high-voltage transformer is shown in 
Figure 13A and consists of alternating pulses, 
first in one direction and then in the other. 
Generally speaking, this is not suitable for 
direct application to the x-ray tube. The high 
voltage is therefore supplied to a unit called 
a rectifier which converts the pulses into the 
unidirectional form illustrated in Figure 13B. 
Another type of rectifier may convert the wave 
form to that of Figue 13C, but the general idea 
is the same in both cases, i.e., unidirectional 
voltage is supplied to the x-ray tube. 

Recent developments of industrial x-ray tubes 
have made possible the direct application of 
the high voltage wave form of Figure 13A to 
the x-ray tube, which acts as its own rectifier. 
The milliammeter indicates the current flowing 
through the x-ray tube. No attempt is made 
here to discuss the various forms of electrical 
generating equipment. The essential fact is 
that high voltage is required at the terminals 
of the x-ray tube. 

In developing suitable exposure technique, it 
is important to know the voltage applied to the 
x-ray tube. It is common practice for manu- 
facturers of x-ray equipment to calibrate their 
machines at the factory so that the operator 
may know the voltage across the x-ray tube 
from the reading of the voltmeter connected to 


9 








HIGH VOLTAGE TERMINAL 











COLUMN INSULATORS — 





O 
oN 
HE iS ip 


PRAY TUBE 


ee 


FR 
7 


5 
enemeteeantie te ae ated 


"XA 


INSULATING BELT } == 








PO UOO ROO eee eee ee eee 





i 


aT TULL 





EQUIPOTENTIAL RINGS 


hi 


i 


COOLING COIL ae SSI = 
= FOCUSING MAGNET 
















oc _ 5 
Pa 42 @ \-Ade 
a | La eae 


a] {A> 1 — 
ETI @ 


4 

aN 
Pe 
LZ nfs Re 
.@ . “ea 





ORIVING MOTOR 










X-RAY TARGET 
LEAD SHIELDING 


HIGH VOLTAGE X-RAY GENERATOR 


oee¢8 6 @ 


rele im 1arHtsS 


FIGURE 14. Electrostatic high-voltage x-ray generator 


| Theory of X-Ray Production 


the primary of the high-voltage transformer. 
Furthermore, in modern x-ray generators, the 
tube is entirely enclosed within a shock-proof 
container, so that the tube terminals are not 
accessible for calibration purposes. 


Theory of High Voltage Generators 


Van de Graaff: The operation of the elec- 
trostatic generator, Figure 14, depends upon 
the fact that when there is an unequal distribu- 
tion of electric charges between conductors 
there will be a difference of potential between 
them. The size of this difference depends upon 
the efficiency of the insulation between the 
conductors. In this generator the insulation is 
dry air at high pressure (200 lbs. per sq. in.). 
An endless belt made of insulating material 
runs between a pulley inside the high voltage 
terminal and a pulley at the ground potential 
at the base of the machine. 

Opposite the lower pulley is a row of sharp 
needle points which are maintained at a nega- 
tive potential, usually by a transformer-recti- 
fier. If this potential is high enough, the 
electric field at the points becomes high enough 
to ionize the air in the space between them and 
the pulley. 

Under these conditions, the negative charges 
in the ionized air tend to move away from the 
negative points and towards the pulley. On 
their way, however, they are intercepted by 
the moving belt, and since it is an insulator, 
they remain on its surface and are carried by 
it to the insulated terminal. After the part of 
the belt carrying this charge has entered the 
terminal, but before it has gone over the upper 
pulley, it passes by another row of points con- 
nected to the terminal. 

Since there is an electric field at the sur- 
face of the belt due to the charges on it, and 
this field is concentrated on the points when 
the belt passes them, the air in this region is 
also ionized and charge passes between the belt 
and this set of points. In this case the negative 
charge passes from the negatively charged belt 
to the points. This charge rapidly accumulates 
on the terminal, and, since the process is con- 
tinuous, the terminal becomes more and more 
negative with respect to its surroundings. 

The potential of the terminal thus increases 


until a voltage is reached where either the in- 
sulation of the air surrounding it is broken 
down or where the rate at which the charge 
leaks away over the insulating supports equals 
the rate at which the charge is brought up by 
the moving belt. The rate at which the charge 
leaks away depends, of course, on the potential 
of the terminal. 

The generator is housed in a steel pressure 
vessel, the wall of which forms the outer 
grounded surface. The terminal is supported 
and insulated by a stack of column insulators 
which also support a series of metal equipo- 
tential rings. The rings divide the column into 
57 separate electrical regions, in each of which 
the electric field is approximately uniform. 

The lower pulley is driven by an electric 
motor of sufficient power to move the belt 
against the electric forces on it and to over- 
come the frictional losses which develop when 
the belt moves at high speed in the high pres- 
sure air. The voltage generated is insulated 
by the solid insulators in the column and by 
the air in the tank which is at a pressure of 
200 pounds per square inch. The x-ray tube is 
inserted in the column with the filament end 
connected to the negative terminal, and the 
target end at ground potential: The target 
itself is insulated so that the current to ground 
can be measured. Power is supplied to heat 
the filament by a small auxiliary permanent 
magnet generator located in the terminal and 
driven by the rotating upper pulley. 


Resonance Type Generator 


The resonance type generator, as built by 
the General Electric Company, embodies a 
resonant transformer system tuned to a fre- 
quency of 180 cycles obtained from a motor 
generator set. The transformer does not have 
a core through the coils, and the space usually 
occupied by the core is occupied by the x-ray 
tube. The only transformer iron used in the 
transformer is placed outside the coils and just 
inside the wall of the cylindrical steel tank. 
Because of the absence of iron in the trans- 
former and also because a gas is used for in- 
sulation instead of the usual transformer oil, 
the construction is exceptionally light in weight 
in comparison with its capacity. One hundred 
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pounds of “freon” gas (CH.F.) perform an 
insulating function which would require 6 tons 
of oil, if oil were used instead. The trans- 
former is housed within a cylindrical steel tank 
approximately 4 feet in diameter and 7 feet in 
length with the extension chamber of the x-ray 
tube projecting from the bottom. 

The output of the D.C. generator in the motor 
generator set, through a motor driven rheostat, 
supplies the field current to the alternator whose 
output is then supplied to a high voltage trans- 
former. 

The x-ray tube is a multisection tube and 
operates with the anode at ground potential. 
The tube is located at the center of the tube- 
head, inside the secondary coils of the high- 
voltage transformer, and the anode end pro- 
jects through the bottom of the tubehead. 


TRIPLING TRANSFORMER 
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MAGNETIC FIELD 


The 20 M.E.V. Betatron 


It is an experimental fact that the force on 
an electron moving in a uniform magnetic 
field, always acts along a line perpendicular to 
both the direction of motion of the electron 
and the direction of the magnetic field. If an 
electron enters the space between two parallel 
plane magnetic poles, moving parallel to the 
pole faces at constant speed, it travels subse- 
quently in a circle parallel to the pole faces. 

The betatron is a machine which accelerates 
electrons by magnetic induction to very high 
energies and causes them to impinge on a small 
platinum target. The x-rays which are pro- 
duced emerge from the tube in a narrow cone. 

The 20 M.E.V. Betatron has an alterating 
current magnet (weighing 3.5 tons) made of 
laminated iron and has 19-inch diameter circu- 
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Ficure 15. Electrons are injected at time A in the magnetic cycle and directed at time C against either an 
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Chapter 2 


INTERACTION OF X-RAYS AND MATTER 


The preceding chapter is a discussion of the 
production of x-rays at the target of an x-ray 
tube. The x-rays are radiated into the space 
surrounding the target. Next it is important 
to discuss what happens when x-rays strike 
matter. 

In Figure 17 the arrow marked “incident 
beam” represents a narrow beam of monochro- 
matic x-rays directed at a block of some sub- 
stance. The effects of the beam’s striking the 
block are described below. 


f XN 
(5) (4) (3) 


FiGuRE 17. Diagrammatic representation of the inter- 
action of x-rays and matter. The radiation and the 
electrons emitted by an irradiated body are: 
Attenuated primary x-rays 
Characteristic x-rays 

Photoelectrons 

Unmodified scattered x-rays 

Modified scattering 

Recoil electrons 

Pair production 


oe eee 


When x-rays strike matter the following 
effects may be noted: 

1. The incident primary beam continues in 
a straight line through the block with decreased 
intensity. 
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2. X-rays having characteristic wave lengths 
of the substance are emitted in all directions. 

3. Electrons whose ejection from atoms give 
rise to characteristic x-rays are emitted in all 
directions. As the wave length of the primary 
beam is decreased, spatial distribution is pre- 
dominantly in the forward direction (in the 
direction of the primary x-ray beam). They 
are known as “photoelectrons.” 

4. Radiation of the same wave length as the 
primary beam is emitted in all directions. This .- 
process is known as unmodified scattering. 

5. Radiation having wave lengths longer 
than that of the primary beam is scattered in 
all directions. The wave length of the scat- 
tered radiation increases with the angle be- 
tween the scattered ray and the incident ray. 
This process is ‘Compton scattering.” 

6. Electrons are emitted with varying velo- 
cities but always with a component in the for- 
ward direction. The greater the forward com- 
ponent, the greater the velocity. These elec- 
trons are known as ‘‘Compton”’ or “recoil elec- 
trons.” They have a lower average velocity 
than photoelectrons. 

7. At high voltages (1.5 M.E.V. and up), 
positron-electron pairs are created by the 
transformation of the x-ray quanta in the vi- 
cinity of heavy nuclei (positron-positively 
charged particle having the same mass as an 
electron). This transformation of radiant 
energy into mass occurs only when:short wave 
length radiation falls upon heavy elements. 
The positron combines with the same or another 
electron to form another x-ray photon. 


Total Absorption in Matter 


It is evident that the process of ,diminution 
of energy of x-rays and of gamma rays as they 
traverse matter is complex and depends on 
many transformations of the original energy. 
It does not lend itself easily to analysis by cal- 
culation, unless certain limiting assumptions 
are made, to simplify these conditions. The 
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amount of radiation absorbed in a medium de- 
pends on (1) wave length of radiation and (2) 
the kind and number of atoms contained in the 
absorber. For homogeneous radiation, that is, 
radiation of one wave length, and for a homo- 
geneous absorber, such as a sheet of pure cop- 
per, the fundamental law of absorption is an 
exponential law, given by the formula: 

I = I,e-nd d = thickness in cm. 
where /, is the intensity of the roentgen beam 
falling on an absorber of the thickness d, and 
I the intensity of the beam after it emerges 
from the absorber; ,» is the linear absorption 
coefficient and e is the base of the natural sys- 
‘tem of logarithms (2.718). For ordinary loga- 
rithms to the base of 10, the formula solved 
for the coefficient of absorption, ,», reads: 
log I, — log I 
0.4343 xd 


This absorption coefficient is the same for vari- 
ous thicknesses of absorbing materials as long 
as homogeneous radiation is used. Unfortu- 
nately, radiation beams used in radiology are 
heterogeneous. It is also possible, of course, 
to measure the radiation intensity falling on 
and emerging from an absorber for a hetero- 
geneous beam and to calculate a “coefficient of 
absorption,” ». The value thus obtained, how- 
ever, will be an average coefficient of absorption, 
dependent on all the factors enumerated, that 
is, photoelectric absorption, Compton absorp- 
tion, and so forth, for various wave lengths. 
Its value will change with increased thickness 
of the absorber, because of the change in qual- 
ity of heterogeneous radiation with depth of 
penetration. For homogeneous radiation, an 
absorption curve, that is, a representation of 
the decrease of radiation intensity with in- 
creasing absorber thickness, is a straight line 
on semi-logarithmic graph paper; but the graph 
for heterogeneous radiation is a curve which 
approaches a straight line only if the radiation 
has gone through sufficient absorbing material 
to “harden” it considerably, thus making it ap- 
proach homogeneity. Such absorption curves 
will be demonstrated for measurement of radia- 
tion qualities. Another interesting relation- 
ship between absorption curves and methods 
of measuring radiation quality is obtained in 


= 


an absorbing layer which absorbs just one- 
half of the impinging radiation. In that case, 


- = 14, the formula resolves itself into 
log 100 — log 50 2.0 — 1.6990 
i 0.4343 x d 4343 x d 
nw Xd = 0.0695 
.695 HVL = half value layer, 
d—- HVL= — 


thickness in cm. 


p 
This value HVL, that is, the absorbing layer of 
a material which reduces the intensity of a 
radiation beam to one-half its original value, is 
called half-value layer. 


Mass Absorption Coefficient 


The linear absorption coefficient » for any 
substance depends upon the state—solid, liquid, 
or gaseous, of the substance. For example, the 
intensity of an x-ray beam is not decreased as 
much by traversing 1 centimeter of steam as 
it is by passing through 1 centimeter of water. 
However, the linear absorption coefficient ,» di- 
vided by the density of the substance p (rho) 
is the same regardless of the physical or chem- 
ical state of the substance. Therefore, »/p (mu 
over rho) specifies the x-ray absorption of the 
substance in any state for a given x-ray wave 
length. This ratio »/p is known as the mass 
absorption coefficient, and it is the fraction of 
the intensity lost per unit mass thickness. 

The formula becomes: 
I = 1,e-u/p-pd 

p 18 density in grams/centimeter’ 

d is thickness in centimeters 

p/p 18 mass absorption coefficient in cm?/ gm 


Problem 
What percentage of gamma radiation will 
penetrate 3 inches of lead? 
I = I,e-u/p-pd 
From table mass absorption coefficient of Pb 
p/p is .0425 
I / 
1, = e~u/p-pd 
I 425 11 3 254 
oe 25 x x 3x 254, 
d -=- 3 inches 
1 in. = 2.54 cm. 
density of Pb = 11.0 
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e-(-4875 x 7.62) 

e-3-58) (values for e-* found in table) 
.027876 

0] 


Sil i ll 


= 2.8%, or 2.8% of the original 
: gamma radiation traverses 3 
inches of lead. 





bmg 


The mass absorption coefficient for kilovolt- 
ages from 20 KV to 2 M.E.V. is given in table 
for various absorbers. 


Components of Total Absorption 


The interaction of x-rays with matter is 
mainly an interaction with electrons and nu- 
clei. Three essentially different types of phe- 
nomena have been distinguished: the photo- 
electric effect, the Compton effect or scattering 
by free electrons, and the creation of positron- 
electron pairs. The relative importance of 
these three processes depends upon the energy 
of the x-ray quantum and the atomic number of 
the absorbing element. 

As shown above, the intensity of a mono- 
chromatic beam passing through matter de- 
creases exponentially: 


I = I,e-nd 


where the absorption coefficient represents the 
average number of absorption and scattering 
process which a single quantum undergoes per 
cm. path. » is composed additively of three parts 
referring to the three processes: 


w= p» phot + p» Compt + - pair 


Photoelectric Absorption, Characteristic 
X-Rays and Critical Absorption Wave Length 


Photoelectric absorption produces character- 
istic x-rays and photoelectrons in the same 
manner that they are produced in the x-ray 
tube except that the source of energy for ioniz- 
ing each atom is a photon instead of a high 
speed electron. The photon strikes the elec- 
tron of the atom and ejects it as a photoelec- 
tron. All the energy of the incident photon is 
transformed into energy for releasing the elec- 
tron from the atom and in giving it kinetic 
energy. When the unoccupied energy level is 
subsequently filled by an electron from another 
energy level, a photon having one of the char- 
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acteristic wave lengths is emitted. In this 
manner the characteristic spectra of the ele- 
ment are produced. Thus the same characteris- 
tic K-, L-, M-, N-series of lines are produced 
by high-speed electrons or photons of corre- 
sponding energies. See Figure 18. 

The wave lengths of the primary beam at 
which the characteristic series start are known 
as the critical absorption wave lengths. 

Since a photon is electrically neutral, it may 
travel through the molecules of air for a con- 
siderable distance before it actually collides with 
a gaseous atom. The electron, however, in con- 
trast to the photon, has a definite negative elec- 
trical charge. Hence it has many more chances 
than the photon to collide with other particles, 
when traveling through the electrical fields of 
atoms. The result is that the photo-electron 
produces along its path a series of ions, whose 
number depends on its original energy. Even 
in air, most photoelectrons are stopped com- 
pletely within a few centimeters, but along this 
path, not straight but zigzag, several thousand 
ion pairs may be formed. 

The photoelectric effect plays in general an 
important part in the absorption of x-rays and 
x-ray matter. For heavy elements and soft 
radiation almost all the absorption is due to 
this effect. It gives an appreciable absorption 
even if the primary energy is very much 
greater than the ionization energy of the atom. 

Photoelectric effect increases with mass and 
decreases with increased voltage: 


Pb 5 M.E.V. — 50%; 
Pb 1.0 M.E.V. — 30%; 
Fe 1.0 M.E.V. — 1%. 


It is thus apparent that the photoelectric 
effect must not be neglected when longer wave 
length radiation than that due to 1 M.E.V. is 
considered. Since an x-ray tube produces a 
continuous spectrum of x-rays and that spec- 
trum has a maximum at an energy lower than 
the short wave length limit, the protoelectric 
effect enters to a certain extent for all the tube 
voltages used in radiography now. 

No simple formula can be given for » photo- 
electric as a function of atomic number Z over 
the whole wave length range; however, the 
mass photoelectric absorption coefficient be- 


tween any two absorption wave lengths can be 
written: 


hot — © gs 
pf DO 


in which 

A is atomic number 

Z is atomic weight 

X is wave length 

C is constant between two 
critical absorption wave lengths, but changes 
value at each critical absorption wave length 
(see Figure 18). In general this equation 
shows that the photoelectric absorption is large 
for heavy elements and long wave lengths and 
small for light elements and short wave lengths. 
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FIGURE 18. General form of relation between the mass 

photoelectric absorption coefficient +r /p and the wave 
length A 


X-Ray Scattering 
X-ray scattering consists of two types: un- 
modified and Compton scattering. 


Unmodified 

The first type is unmodified scattering, re- 
sulting in the emission in all directions of sec- 
ondary radiation of the same wave lengths as 
the primary beam. Unmodified scattering oc- 
curs when photons of the primary beam inter- 
act with atomic nuclei or bound electrons. 
Bound electrons are those requiring more 
energy for their ejection than the oncoming 
photons possess. In this process of collision 
with a bound electron or nucleus a photon does 
not lose energy but bounces off with the same 
energy and wave length it had before collision. 
Only the direction of the photon is changed. 
Unmodified scattering is very appreciable for 
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long wave length x-rays, in heavy elements. 
For light elements and short wave lengths it is 
negligible. 


Compton Scattering and Compton Absorption 


With increasing potential at the x-ray tube, 
which imparts increased energy to the photons, 
production of photoelectrons decreases rapidly, 
and another type of encounter between photon 
and atom appears. 

In this type of collision, the photon also 
strikes an electron traveling in one of the orbits 
around the nucleus. In this case, however, it 
gives up only a part of its energy to the elec- 
tron, and is itself deviated from its path in the 
process (Figure 19C, D). 
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FIGURE 19. A. Photoelectric absorption and photoelec- 

tron emission. B and E. Diminished primary beam. C. 

Compton scatter and Compton recoil electron. D. Same 
as C plus a second similar collision 


The energy of the photon is transferred into 
three forms: (1) the potential energy of the 
ionized atom (obtained from the photon in 
ejecting the electron), small in comparison to 
the total energy of the electron, (2) the kinetic 
energy of the recoil electron, and (3) the energy 
of the scattered photon which has less energy 
and therefore a longer wave length than the 
incident photon. The scattered photon proceeds 
at an angle © (theta) with the direction of the 
incident photon. The photon may be scattered 
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in any direction but the recoil electron always 
has a forward component of velocity. 


This type of encounter is called a Compton 
collision and the removed electron is called a 
Compton electron. As would be expected, the 
scattered photon may have secondary or even 
tertiary Compton collisions and eject more and 
more Compton or recoil electrons until its 
energy finally is spent. All these electrons form 
series of ions along their paths. 


Compton scattering makes by far the largest 
contribution to the total absorption coefficient 
in the energy range from 0.5 M.E.V. to 2.0 
M.E.V. The difference in wave length between 
the primary photon and the scattered photon 
can be calculated immediately from the equa- 
tion expressing the conservation of energy and 
momentum. This relation between the wave 
length (A) of the primary quantum and the 
angle between the velocities of the two quanta 
is the well known Compton formula: 

Ar — A» = Ad 


h 
AX = — (I — cos @)A 
mc 


h 
— = .024 
mc 


where h represents Planck’s constant, m repre- 
sents the electronic mass, and c represents the 
velocity of light. This relation states that the 
increase in wave length for the radiation scat- 
tered through a given angle is independent of 
the wave length of the primary quantum. The 
effect is particularly important in the case of 
high frequency radiation, since the radiation of 
however small an initial wave length, can ac- 
quire in a single scattering process, a wave 
length of the order of magnitude of 


h 


———= .024 = .51 M.E.V. 
mec 


Owing to the assumption that all electrons 
scatter as free electrons, the total Compton cross 
section U Compt is given by: 

U Compt = NZce 
where ce = scattering coefficient for single elec- 
tron, NZ is the number of electrons per cm’, Z 
representing atomic number and N the number 
of atoms percm’. For acomparison with theory 
it is better to make use only of those measure- 
ments for which photoelectric absorption and 
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pair production are small compared with the 
absorption due to scattering. 

As a function of atomic number Z, the total 
absorption coefficient can be expressed most 
simply in the region where the Compton scat- 
tering gives the only contribution. ,» in this 
region is proportional to the total number of 
electrons NZ per cm’. Since Z is roughly pro- 
portional to the atomic weight, » is to the same 
extent proportional to the density p. Thus the 
total intensity absorbed is proportional to the 
mass per cm? through which the x-ray has 
passed. It is then possible to define for this 

(cm?) 

gm 
which is roughly constant for all elements at 
a given energy. 





region a mass absorption coefficient p» 


Pair Production 


Photons of extremely high energies (pro- 
duced at more than a million volts) may under- 
go transformations of their whole energy into 
a positron and an electron; this can occur only 
very close to the nucleus of an atom. Both of 
these particles travel with high velocities, again 
forming ions in their paths. However, the 
positron may reunite with an electron, to form 
another photon of high energy. This is a pos- 
sibility only when high energy photons and ab- 
sorbers of high atomic number are used. 

As the self-energy of an electron is mc?, a 
minimum energy of 2mc? (1.02 M.E.V.) must 
be supplied by the x-ray photon. Because of 
this minimum energy requirement pair produc- 
tion does not occur for photon energies less than 
2mc’, and it becomes an important absorption 
process only at somewhat higher energies. This 
function increases rapidly with higher ener- 
gies. At 2 M.E.V. absorption due to pair pro- 
duction is inversely proportional to the atomic 


K 
number Z squared. » pair — -.. This func- 


Zz’ 
tion increases with the voltage. 

At 2 M.E.V pair production represents a 
small fraction, about 3%, of the total absorp- 
tion coefficient of iron, and a somewhat larger 
fraction, approximately 10% of the total ab- 
sorption coefficient of lead. 

Pair production is of little consequence in 
the radiographic problems discussed here, since 
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5. Is propagated with a velocity of 3 « 10*° 
centimeters per second as is light. 

6. Is transverse electromagnetic vibration. 

7. Has wide band of wave lengths, .001 to 
1000 Angstr6m units. 

8. Is produced by the impact of electrons or 
ions upon matter. 

9. Blackens photographic film. 

10. Produces fluorescence and phosphores- 
cence in some substance and colors some stones 
and minerals. 

11. Ionizes gases and changes the electrical 
properties of liquids and solids. 

12. Is differentially absorbed by all media. 

18. Liberates photoelectron and recoil elec- 
trons in the atomic structure. 


20 


14. Is capable of acting photochemically. 

15. Is able to damage or kill living cells and 
to produce genetic mutations. 

16. Is produced in a continuous spectrum, 


with a superimposed line spectrum peculiar to 


the chemical element of the target. 

17. Has an absorption spectrum characteris- 
tic of the chemical element. 

18. Is diffracted by crystals acting as grat- 
ings in accordance with the fundamental law 
NA = 2d sin ® (See Figure 30). 

19. Is found to act in interference and related 
phenomena as waves but in other phenomena 
as discrete quanta of energy which may be scat- 
tered by single electron. 


Chapter 3 
EFFECTS AND USES OF X-RADIATION 


Film Blackening 


In their action on the photographic plate, x- 
rays seem similar to ordinary light. Since the 
film absorbs energy from the x-ray beam, the 
initial process is probably the ionization of the 
irradiated atoms in the sensitive emulsion. Ex- 
amination of microscopic sections through the 
sensitive layer of exposed plates has shown, 
however, that x-rays, unlike light, produce an 
equal distribution of grains of reduced silver 
throughout the whole thickness of the layer. 
Consequently, a greater blackening of the plate, 
when exposed to x-rays, can be obtained by in- 
creasing the thickness of the sensitive layer and 
by coating both sides of the base with the sensi- 
tive silver bromide emulsion. 

This blackening may be used to obtain a 
photographic record or radiograph which is 
produced by the passage of x-rays or gamma 
rays through an object onto a film. Thus, a 
radiograph is in reality a shadow picture of an 
object—the dark regions on the film represent- 
ing the more penetrable parts, and the lighter 
regions the more opaque. 

A much more detailed description of film and 
film blackening will be given in the next chapter. 


Fluorescence 


Fluorescence is a phenomenon which depends 
upon the ability of substances to absorb radia- 
tion and transform it into radiation of longer 
wave lengths in the ultra-violet or visible re- 
gions. Energy from the x-ray beam trans- 
formed by the substance produces ionization 
or excitation or both within the atoms of the 
substance. In returning to their normal states 
the atoms emit radiation of wave lengths in the 
visible and ultra-violet range. See Figure 13. 
Some of these fluorescing substances are cal- 
cium tungstate, zinc sulphide, zinc silicate, 
barium platinocyanide, and others. 


A. Sensitivity—Limits of Usefulness 
The intensity of fluorescence depends upon 


the wave lengths of the incident radiation; de 
Broglie showed that a screen had no intensify- 
ing action upon rays with a wave length of 
1.25 A.U. but displayed a gradual increase in 
effectiveness up to the critical absorption wave 
length of tungsten at about 0.179 A.U. at which 
point, corresponding to greater absorption, a 
sharp increase occurred for the shorter wave 
lengths. For ordinary work the point of maxi- 


mum efficiency is about 150 KV. Efficiency 
drops off again at higher voltages. 

The response of a fluorescent screen to in- 
See Figure 23. 


tensity of radiation is linear. 









xX 260 KV. " 
---3 STRAIGHT LINE 





r PER MINUTE AT THE SCREEN 


FIGURE 23. Linear response of screen to intensity 


In x-ray work, fluorescing screens are made 
use of in two different ways: (1) calcium tungs- 
tate screens which emit radiation of that range 
to which the film is most sensitive are placed on 
either side of x-ray film to hasten the action of 
the x-radiation upon the film; (2) fluorescing 
screens which emit light of that range to which 
the eye is sensitive are used in the visual in- 
spection of foods, thin metal sections, fabricated 
assemblies and in medical work. 

For observation of inhomogeneities on the 
ordinary fluorescent screen a difference in 
brightness of two adjacent areas of the shadow 
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must be approximately 15 percent, and a blow- 
hole or gas pocket in aluminum, iron, or copper 
must be 5 to 7 percent of the total thickness of 
sound metal for certain conclusions. 

Normally, the smallest thickness of flaw or 
inhomogeneity that can be readily detected by 
the use of “‘high-speed’”’ fluorescent screens in 
combination with screen film is in the order of 
2 percent. 

The response of film to intensity of light or 
x-radiation is not linear but logarithmic, as 
may be seen in the next chapter. Therefore 
greater sensitivity may be obtained through the 
use of film than through viewing a fluorescent 
screen. 


B. Photography of Fluorescent Screen 


Fluorescent screens may be photographed 
with a camera and the image recorded on the 
photographic film. The photographic film when 
processed is viewed on an enlarging viewer. 
This system has the advantage of keeping a 
permanent record with less film cost. The sen- 
sitivity is better than that of the fluorescent 
screen, but not very much better owing to the 
large size of the screen grains, since the whole 
grain lights up when a portion of. it is struck 
by a photon. 


C. Range of Eye Sensitivity 


The light emitted by the fluorescent screen 
is well within the range of the human eye (see 
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FicurRE 24. Curves showing spectral ranges of maxi- 
mum sensitivity of the eye and photographic plate, to 
which should correspond, respectively, the fluorescent 
screen and the intensifying screen. J, Fluorescent 
screen; JJ, calcium tungstate intensifying screen; J/]I, 
silver bromide of photographic emulsion; /V, human eye 
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(Figure 24). However, the intensity of light 
is extremely low in most cases. 


D. Eye Accommodation 


The eye is able to detect light intensity dif- 
ferences of 1 or 2 percent on a radiograph when 
placed on a suitable viewer. However, it may 
require, even after adaptation of the eye to 
darkness, a difference of 20 to 40 percent for 
discrimination at the low intensities which are 
often found in fluoroscopy. 







NORMAL PHOTOPIC EVE WILL ACCEPT I@ LAPBERTS. 


10000 BRIGHTNESS OF SNOW In noon-DAY Sum. 
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ITE PAPER IN LIGHT OF WWERAGE READING LAMP 
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RECEIVING ILLUTUNATION OF 1 FOOT- CANDLE. 


PATTERSON TYPE B FLUOROSCOPIC SCREEN 
RECEIVING 325 ¢/min 


“THRESHOLD” OF PrIOTORPIC EVE. 


o———PATTERSON TYPE B FLUOROSCOPIC SCREEN 
USED ON CONVENTIONAL PLUOROSCOPE — 
ABDOMEN 7 INCHES THICK, 60 KuP, ame, 

IS cm.¥ 1S cm AREA AT SCREEN. 


001 


“THRESHOLD” OF SCOTOPIG EVE AFTER 
1 MOURS OF DARK ADAPTATION 


ROO VISION 


FIGURE 25. On the scale is indicated the change-over 
between rod vision (low brightness levels) and cone 
vision (high brightness levels) as though it occurred 
suddenly at 0.01 millilambert. The transition actually 
takes place more gradually, in the range between 0.01 
and 0.1 millilambert. Even in the range between 1.0 
and 0.1 millilambert, where cone vision is operative, de- 
terioration in visual acuity and intensity discrimination 
with lowering of the brightness level, becomes very 
noticeable 


In practice the average intensity of a Type 
B Patterson screen ranges from .0001 to .01 
millilambert. From Figure 25 it will be seen 
that after the eye has been dark-adapted for 
10 or 12 hours, it is able to detect light in the 
order of one-millionth millilambert. If the eye 
has been subjected to bright light for several 
minutes the smallest intensity which the eye 
will register is about .004 millilambert. The 
upper region of light energies which the retina, 
without injury to itself, will transform to 
cerebral values of vision is in the order of 
15,000 millilamberts. In other words, the 
threshold of a light-conditioned eye is about 
4000 times that of completely dark-adapted eye 


and the relation of the highest energy acceptable 
to the lowest distinguishable is about ten bil- 
lion to one. 

From Figure 26 it will be seen that the thres- 
hold of cone vision (high intensity) is reathed 
after 3 minutes of dark adaptation. Dark 
adaptation of rod vision (low intensity) begins 


DARK ADAPTATION OF 
THE EYE AS A WHOLE 
FIRST 10 MINUTES 

CONE ADAPTATION 


FOLLOWED BY 
ROD ADAPTATION 


LOG. OF RELATIVE INTENSITY 





MINUTES IN DARK 
FIGURE 26. Rod and cone adaptation of the eye 


to be measurable after 10 minutes, and the 
major portion of the increase of sensitivity is 
accomplished in the first 20 to 25 minutes. It 
has been found that rod vision is not effected 
by deep red light, so it is possible for the dark 
adaptation to take place under a light of that 
color, eliminating the period of inactivity. 

A lambert is the C.G.S. unit of brightness 
equal to the brightness of a surface radiating 
or reflecting one lumen per centimeter. 

The sensory layer of the retina, the layer of 
rods and cones is almost the outermost layer. 
Beyond it lie only the pigment granules. It is 
composed of small rodlike bodies interspersed 
with shorter conical bodies, both of which are 
specialized terminal parts of elongated nerve 
cells. The cones alone are believed to serve in 
distinguishing colors. 

Intensity discrimination, as shown in Figure 
27, might be described as the smallest visible 





Effects and Uses of X-Radiation 


difference in light intensities of two adjacent 
areas expressed as a fraction of the brightness 
level. For example, at an intensity of .01 milli- 
lambert, the smallest visible difference in in- 
tensity is 0.1 or 10 percent. 

Since intensity discrimination, Figure 27, 
and visual acuity, Figure 28, are greatly altered 
by the lower light intensities met with in fluoro- 
scopy, it follows that limitations in fluoroscopic 
visibility are largely a matter of retinal physi- 


RELATIONSHIP OF INTENSITY DISCRIMINATIO? 
TO BRIGHTNESS 


THICKNESS OF PRESSEDWOOD 
PHANTOM TO PRODUCE 
INDICATED BRIGHTNESS 


KvP 3.7 MA. : 
CM. TARGET- SCREEN DIST. 


0000! .000! .OO! .O! I ( 10 100 1000 10000 
INTENSITY IN MILLILAMBERTS 
FIGURE 27. Intensity discrimination (AJ/IJ) is ex- 


pressed as the fraction by which a given light intensity 
must be added to in order for the difference to be visable 
at that particular brightness level 


ology, and brightness level is the most important 
single factor. 

Visual acuity, Figure 28, is defined as the 
reciprocal of the angular distance which must 
separate two contours in order that they be 
visible as being separated, the unit of separa- 
tion being one minute of arc the radius of which 
is the viewing distance. For example, at an 
intensity of .0001 millilambert and 25 inch 
viewing distance the separation must be .15 
inch or more. This was arrived at by find- 
ing the reciprocal of the value on the visual 
acuity scale opposite .0001 on millilambert 
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RELATIONSHIP OF VISUAL ACUITY TO ILLUMINATION 










RANGE WITHIN WHICH 
FILM READING IS DONE 


Je 
| Pare 
|i tT} Yi! 
ttt tA ty 
Li 






E 14 
3 
i 10 
> RANGE FOR .08 
FLUOROSCOPY 

.06 
0. ARROWS INDICATE APPROX. ° 
LEVEL ABOVE WHICH 04 

ae CONES TAKE OVER 


ooo! Ol .Ol A ( ye] 100 


MILLILAMBERTS (LOG SCALE) 





1000 


Q AND 
VISUAL ACUITY 


DISTANCE BETWEEN CONTOURS AT 5S IN. VIEWING DIST. 
° 
nO 





OOO! .OO! 4.0! A t 10 100 
MILLILAMBERTS : 


FIGURE 28. Visual acuity is defined as the reciprocal of the angular distance which must separate two contours 

in order that they may be recognized as discrete, the unit of separation being one minute of arc. The graph on the 

left is after Hecht, and we have indicated with brackets the approximate ranges of brightness within which film 

reading and fluoroscopy ordinarily occur. Our indication (arrows) of the boundary between rod vision (low in- 

tensity) and cone vision (high intensity) is open to question because the change-over does not occur suddenly and 

a far more important feature of retinal physiology is indicated by the steepness of the curve in the range between 
brightness 1.0 and 0.01 millilambert 


scale, thus changing it to minutes of arc, which 
is then converted to distance, .15 inch, on 
the arc, the radius of which is 25”. (Distance 
= mw XX minutes of are X radius.) 

21600 

Visual acuity may be increased by viewing 
with a low power lens, which has an effect of 
increasing the retinal arc. 


lonization 


X-rays and gamma rays eject electrons from 
the atoms of elements upon which they impinge. 
The atoms are therefore ionized. This ioniza- 
tion is probably the most important phenomenon 
among all of the radiation effects discussed in 
this section. In many cases involving elements 
in the solid state, the ions and electrons recom- 
bine quickly. It is difficult, therefore, to 
analyze in detail the processes that produce the 
observed effect. However, when gases are 
lonized by either x-rays or gamma rays, the 
lonization may be more directly apparent. 
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When a beam of x-rays or gamma rays passes 
through a gas, the energy absorbed by the gas 
is initially transformed chiefly into (1) in- 
creased potential energy of ionized atoms and 
(2) kinetic energy of photoelectrons and recoil 
electrons. The increased potential energy of 
the ionized atoms may be transformed subse- 
quently into the characteristic raditation of 
these atoms. 

The kinetic energy of the photoelectrons and 
recoil electrons is expended in the production 
of ionization by collision. These ions, in turn, 
may recombine to produce characteristic radia- 
tion. If such characteristic radiation leaves 
the volume of the gas under consideration, it is 
not a part of the energy absorbed. On the other 
hand, if quanta of such characteristic radiation 
interact within the volume with the atoms, they 
produce more ions. Finally, low-speed electrons 
or low-energy quanta may produce heat. 

The number of ion-pairs produced in air by 
photoelectrons and recoil electrons is several 


hundred times as large as the number of photo- 
electrons and recoil electrons produced by 
quanta of the incident radiation. The method 
of measuring the energy absorbed from a beam 
of radiation passing through air is based upon 
three facts: (1) the radiation produces a few 
lions and high-speed electrons, (2) the high- 
speed electrons subsequently produce many 
ions, and (3) the average energy to produce 
an 10n-pair can be accurately measured. There- 
fore, if the process of absorption can be in- 
terrupted before any ions recombine, and all 
of the ion-pairs “counted,” the initially absorbed 
energy can be calculated by multiplying the 
number of ion-pairs produced by the average 
energy required to produce each ion-pair. This 
is the process used to measure dose and dose- 
rate by means of free-air ionization chambers, 
the ions produced in a volume of air are pre- 
vented from recombining by placing two op- 
positely charged plates near the volume. The 
ion-pairs are “counted” by measuring the elec- 
tric charge collected by one of the plates. 

Upon this basis, the International Committee 
for Radiological Units in 1937 defined the unit 
of dose of x-ray or gamma rays. The unit of 
dose is called the roentgen and is designated 
by the symbol r. The definition is: “the 
roentgen shall be the quantity of x or gamma 
radiation such that the associated corpuscular 
emission per 0.001293 gram of air produces in 
air ions carrying 1 esu of quantity of electricity 
of either sign.” The specified mass 0.001293 
gram is the mass of 1 cc. of dry atmospheric 
air at 0°C. and 760 cm. of mercury pressure. 
“Corpuscular emission’? comprises photoelec- 
trons and recoil electrons. (The electrostatic 
unit of charge (esu) is equivalent to yx 10° 
coulomb.) The unit of radiation dose rate is 
the roentgen per minute. 


Therapy 


It has been shown by experiments that X-rays 
and gamma rays produce changes in certain 
biological materials. The theory of these 
changes is far from complete. It is probable 
that the initial effects that lead ultimately to 
these changes is the ionization of the atoms of 
the irradiated material by the energy absorbed 
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from the radiation. The subsequent effects 
have not been satisfactorily correlated. 

In the field of roentgen therapy the gross 
effects of the biological changes are utilized. 
Many of the reactions of living tissue to ir- 
radiation by x-rays and gamma rays have been 
empirically determined and it is assumed that 
the intensity of the reactions depends upon the 
amount of energy absorbed and its rate of 
absorption by the tissue regardless of the wave 
length of the radiation. The amount of radiant 
energy absorbed by the tissue depends upon the 
dose and quality of the radiation incident upon 
the tissue. X-ray therapy has been used bene- 
ficially to produce the following effects: (1) 
inhibition of the growth or function of glands 
and cells, such as the treatment of certain skin 
diseases, (2) destruction of fungi, (3) reduc- 
tion of certain inflammations, such as car- 
buncles, pneumonia in certain stages, erysipelas, 
etc., (4) treatment of gas gangrene infections, 
and (5) destruction of malignant tumors, or 
cancer. 


Diffraction 


In an element, each atom possesses exactly 
the same electrical affinity for every other one. 
Consequently, the atoms have a definite ar- 
rangement in 3-dimensional space. The atoms 
in copper, for instance, are arranged (as in 
Figure 29) in a unit cell which is repeated 
throughout the structure. The atoms at the 
top of the unit form the bottom of the cell above, 
and so on in all directions. 

X-ray diffraction is the science that enables 
us to measure the spaces between the planes of 
atoms or groups, in such a unit cell, and from 
the information thus obtained identify the 
material, no matter how complex the lattice 
may be. This is because the extremely short 
wave lengths of the x-rays are of the same order 
as the spacings between the planes of atoms or 
particles in crystalline structures. These dis- 
tances are extremely small, usually varying 
between 0.7 and 1000 Angstréms. In diffrac- 
tion x-ray work, target x-ray tubes giving the 
characteristic radiation of molybdenum, cop- 
per, cobalt iron, and chromium are used. These 
give a wave length range between 0.709 and 
2.28 Angstréms. 
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Atomic jay ere reflecting. x-radistion 


Fick RE 20. 


between. the atomic. planes in the 5 : 
Knowing TVR. tactors, the: other may. 


spacings 
material. - 


be determined simply by the use of He relation : | 


RES Bed sine ie 


Givi as. 3 Bragg's Law, in, ehinh 1 i equine any ? 
‘integer, A equals: the WAVE length, d@ equals the. 
spacing between atomic planes, ‘pnd & equals... 
the angle made by the incident bean. ‘and erysta] 


face, also the angle hetween the 1 reflected: beam. 
and crystal face. Figure 80 represents a cross — 
section of the crystal showing the assumed dis- 


tribution of atoms paralel: ta the. ‘crystal face. 
Two incident rays are shown, one being See 
fected” from the atom at 0 and the other from 


the atom at B, These reflections are produced: | 
by unmodified scattering and. they actually oc- 
It hap: 


flected”’ beam is greatly reduced in most direc: ts 


tions by partial or complete interferener, As 
. 48 shown in the figure the lower beam: tray éla’ 
- farther than the upper beam by ‘the distance. 


ABC. The two beams reinforce one another: 


only if the difference in length of the two paths. 


is equal to an integral multiple of the waye” 
The distance AB equals distance. BC. 
and each equals d sine. ‘The difference in path 


: death is therefore 2d sine ow hel must equal | | 


Bae. the: ‘Frurposes of x- ray. analysis” be the 3 


‘One-tenth af ‘a ‘milligram: | 
‘The 


of ok “millimeter 
diameter. 


oe 


center of a. cng at ray ‘film helt, inside sine a 
metal pe of the ¢ CATREE shown: in Ripure 31. 


POWDER OR CRYSTAL 


COLLIMATOR SPECIMENS 


FOCUSSING TUBE 










LINE OF 
X-RAY 
TRAVEL 


TOP OF X-RAY POST 


FIGURE 31. 


Diagram of an x-ray diffraction unit 





FIGuRE 32. Sample diffraction film strip. White lines 
are points of high intensity. The angles at which these 
occur with respect to the beam are simply calculated. 
Then knowing wave length and angles, interatomic 
spacing, d is caleuted from Bragg’s Law n\ = 2d sine 0 


A fine pencil of x-rays, about 14 mm. in diameter 
is permitted to strike the specimen, which is 
rotated at low speed by a small motor. ‘Cones 
of interference and reinforcement” are radi- 
ated from the specimen sections struck by the 
rays. These cones then strike the film in con- 
centric lines around the central beam. The film 
is then developed and the angle between the 
diffracted cones and main beam measured. The 
interatomic spacings of the specimen can 
readily be determined by these measurements. 

Another system for x-ray analysis is the 
Geiger Counter Spectrometer in which the film 
is replaced by a Geiger Counter tube mounted 
on a vernier reading arc. The tube is connected 
to an amplifier and meters, so that as it is 
rotated through the arc the meter readings 
indicate the average intensity of the reflected 
radiation at any point on the arc and the actual 


Effects and Uses of X-Radiation 


number of pulses from a stepping counter. 
From these measurements the atomic spacings 
may be determined and materials analyzed 
qualitatively and quantitatively. 


Microradiography 

This is a relatively new field but founded on 
the same basic principle of all radiography, 
the differential absorption of x-rays, J] =. Io 
er, The outstanding differences are that the 
objects or specimens are only a few thousandths 
of an inch thick, and that the radiographs are 
made on fine grain film and enlarged as much 
as 300 times. It is widely used to supplement 
the information obtainable from photomicro- 
graphy especially in metallurgy. 

Since the specimen is thin and maximum 
contrast is desired, very low voltages are used. 
However, x-ray absorption by matter at the 
longer wave lengths is complicated by the 
critical absorption wave lengths. 


ABSORPTION COEFFICIENT x 10-5 





0 

© oe fo) 
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VOLTAGE 
FIGURE 33. Absorption of copper and iron between 4 

and 20 KV 


Figure 33 indicates the abrupt changes in 
absorption of iron and copper in the range of 6 
to 10 KV. It is plain from these curves that at 
20 KV copper and iron have approximately the 
same coefficient of absorption and hence would 
be indistinguishable on a radiograph. At 7.2 
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KV, however, there is a great difference in their 
coefficients of absorption; this difference would 
be apparent in a radiograph. 

White or unfiltered tungsten radiation at low 
voltages is very weak in intensity. When dif- 
ferent metals of lower atomic number than 
tungsten are used as x-ray targets they pro- 
duce characteristic radiation of longer wave 





and copper as function of wave length correlated with 
X-ray emission curves of molybdenum at 40 KV, copper 
at 30 KV, and cobalt at 25 KV 
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length which is quite intense. By the use of 
proper filters it is possible to eliminate most of 
the white or background radiation if desired, 
but this is not usually necessary. 

Figure 34 indicates the relative intensities 
of this characteristic radiation for different 
targets. Figure 33 indicates the relation of the 
target radiation to the relative absorption 
coefficients of the specimen. A target is selected 
which will produce maximum intensity radia- 
tion of a wave length where the difference in 
absorption coefficients is greatest. 

The characteristic wave lengths for different 
targets may be obtained from Compton and 
Allison tables. An absorption plot may be 
obtained from the absorption tables in the 
Handbook of Chemistry and Physics. 

When two or more elements are in solid solu- 
tion or combination, the linear absorption coef- 
ficient may be calculated from: 


ah tol Pe Ypy 
a ( X+Y 
d = density of combination 
xX, Y = elements by weight 
px, py — mass absorption coefficient 
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XRAY FILM 


General © 









erate af 4 ver B Deore, valida ee 





“and uonsiste of elite ip. nie ars = spent a al 


Ge 10: ‘nite ot 





8 may: be, oe 
ees a EGU al ad tueStaAl ge kO RORR ‘atraight line pe 
FIGuRre RB Sphawdaiiscuasuph: ot ibe ites grains Ne ye sade VE 


rina yes ‘ Pees a a bw rt 
AlAs SOAS 


Pn ea ad ae esata i Paice ta -metall ie silver a | 
x a Blin for F eeral {euography « hereleta STORE 












ey oe Ue +S 
vas sian Post 
er [an Cave us 
. 
‘ 


ae an “betel ‘pioneer. pores ie au oi 
ou "Ye defined De 8 as the ets ee Ss ts 2 eo, 


et - aye 


| f as 4006 es are et ee oS Ie 
ts Bo a ie is eas | to have: a. esate of ee SS Bess: 


We “1890, Hueter: weet Driffield pation igo Rue 






i? Ww 
1 3 we 
4 ae i 






od ees from: oper e 


from a nee arta oN, nape Mi Mhack: Spots:eat eine ae ehh: ma AALE: 





- iienatly ; shat ‘peppen 3 hed: iis ects 
filmi is, bot completely unilerstond.. 








“Sereens: and wit i 
the ease aE Se pasha Ae 
some cof: the: halide 

velopment renters.” 








OV athe Oe et 


metallic silver: de stionnned: 3500 ne. “ites 


 theverysial When the tlm is. developed this: 


a image ecames HRN bee nuvae She: | 


Cant: gb oa : fi sep se Was, 87 ve ne ' ' " | Ugo eaee ay Met ges “ 


‘Vids assumed io 
“the: 





Anolee aide visible. Hehe: in. oe 





he the Naaech euce fhe son! eo Roma 
AS: called the: toe ‘OY region: Ob: “unsler-expoapre. eae 
and | the shoblder « oY UPpEr: portion, the. ‘region: Pes Cg mist 
In: radiography, r however, aie 





Shae’ ee ‘the: eurve, though intpertant, ‘is 





ale in, which they, described aomethod. of. oe 


Me a mibaser ing the ee te ta ee ieee 


not the deciding factor, The straight line Por Siete 
Bon. may: he. between a density. BES: ‘and 6 aes: AS 
common Viewer furnishes: Tight enough: to: law: eat arg 
‘Aas high | ax a density’ af only. ees Again, jabora-” ira Pade 
| tees experience hag shown that below: a adensity. gyereas! 
vot 1 ta ain 4 is: erelaetealy, antntatirative: 4 Theres. Peters 


gt ak ; 
ae ty PAs 'o) WH ". +3. 
. ‘ , iy 
A ' vs 
, ' 
‘ ‘ 
a f ‘ 
4 
M, \b 
’ » 


Handbook of Ordnance Radiography OP 1681 


fore, a correct exposure for an ordinary viewer 
should furnish a density variation between 1 
and 3. 


Gamma or Emulsion Contrast 

The slope of the straight line portion of the 
curve is called gamma and is a measure of 
emulsion contrast. 
D.— D, 
characteristic of the manufactured film but its 
value can be altered somewhat by processing 
and processing conditions. 


Gamma = Gamma is a 


Latitude 


The range of object thickness or the range 
of intensities of radiation capable of being 
recorded by a film is called emulsion latitude. 
The higher the emulsion contrast or gamma, 
the smaller the latitude, and vice versa. Since 
latitude varies inversely with gamma it may be 


1 
| “Gamma There 
amma 


are many other ways of expressing latitude. 
(M.I.T. defines radiographic latitude as the 
ratio of the exposure for a density of 2.5 to the 
exposure for a density of .3, both taken over 
and above fog density.) Since Eastman Type 
F film has the greatest latitude of any film com- 
monly used in the laboratory, it is convenient to 
consider its latitude as equal to 100. The lati- 
tude of other films is then a number relative to 
100. 


expressed : x constant. 


Speed 

The speed of film varies generally with the 
size of the silver halide particles in the emulsion. 
However, this is an impractical measurement 
for the radiographer. On the H and D curve 
if the straight line portion of the curve is pro- 
jected downward it meets the axis at a point 
called the inertia point. The faster the film, 
the nearer to the origin this point falls. For 
developers containing no bromide restrainer 
this point remains constant for varied develop- 
ment times. Hurter and Driffield multiplied 
the reciprocal of the inertia (in exposure, not 
login exposure) by 34 to obtain a value for 
speed. It is customary to take Eastman Type 
K film as having a speed of 100 and to figure 
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other film speeds from the constant so obtained. 
1 

~ inertia exposure 
constant = 100 x Type K inertia exposure. 
This type of speed factor is called H and D 
speed. 

The H and D speed factor is not always use- 
ful because it is based on a theoretical line of 
projection. A relative value for speed, unlike 
latitude is often needed in the laboratory when 
it becomes necessary, for one reason or another, 
to change to another type of film. Therefore, 
an accurate practical speed factor should be 
available. 

It has been found through experience that 
for routine work a density of 1.5 on the radio- 
graph through the thicker sections is most de- 
sirable. Sensitivity falls off abruptly below a 
density of 1, so .5 density is a desirable margin 
in radiographic calculation. 

For a particular generator if the exposure 
times required to produce a density of 1.5 on 
each type film are considered as relative num- 
bers it is then practical, within ordinary limits 
of error, to obtain this critical density on any 
film having once established the correct ex- 
posure time for any one film. (Correct ex- 
posure is obtained from film curve, technique 
chart or previous object.) Type K is arbitrarily 
considered as having a speed of 100 and the 


x constant. Therefore, 


rest are determined accordingly by S = . 4 


constant. 

In the laboratory sometimes instead of a film 
speed factor, an exposure factor is used. These 
are obviously reciprocals since the faster the 
film, the shorter the exposure. Exposure Fac- 
tor = EX constant. 


Base Fog 


If x-ray film is processed without having been 
exposed, it will possess an inherent density. 
This base fog density will vary with the type 
of film and with time of development. It is 
also dependent on film handling in manufacture, 
conditions of film storage, film age, and type and 
condition of developer. Figure 41 indicates 
the base fog variation with developer and type 
film. Sometimes sensitivity curves are plotted 
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Data from Curves 
at 400 KV 5 ma 
12’ Standard 5° @ 
68°F’. Lead Screens 
Unless Noted 


OIL Speed 


S | 
6000 


4 
3 
ry 
He 
Ss 
on 


Ansco HI #245 5230 


Type K 100 
Type F 46 
Ansco HI 41 
A 26 
Super Ray A 18.5 
Super Ray B 17 
Type M 9 


EASTMAN TYPE A 
General purpose 
Standard film 
Medium fine grain 
Medium speed 


EASTMAN TYPE M 


posure in Seconds 


Density 1.5. Ex- 
400 KV Sma 12’ 


084 


.096 


11 
12 
19 


27 
29 
55 


e 

3 

2 

S 

$ H 
n 5 
Q 8 
S s 
Bert <e 

5700 .52 

“16 

7000 42 

“16 

100 1.85 
74 2.5 
683.2 
16.8 11 
14 13.7 
12 15.5 
5.6 33 


For objects requiring great detail and high sensi- 


tivity. 
Slow, high contrast 
Fine grain 


EASTMAN TYPE F' (lead screens) 
For dense objects where a higher kilovoltage is not 


available. 
Medium speed 
Coarse grain 


Greater latitude, low contrast 


EASTMAN TYPE F (calcium tungstate screens) 
For radium work and extremely thick or dense 


objects on Van de Graaff 
Very fast 

Medium contrast 

Very coarse grain 
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TABLE I 
= 
S R as 
2% § 3 =2 
Sn 23 
BS yale & S ug 
3.7 62 20 Very Excellent 
Coarse 
2.7 85 20 Very Base thin and wavy 
Coarse 
3.0 77 48 Coarse Soft emulsion extremely 
sensitive to handling; 
requires long wash 
2.3 100 25 Coarse Excellent 
2.5 92 20 Coarse Base thin and wavy 
5.1 45 19 Medium Excellent 
Fine 
4.4 52 15 Fine Emulsion base thin 
4.6 50 20 Fine Buckles; dries wavy 
5.4 43 14 Very Excellent 
Fine 
TABLE II 
FILM USES 


EASTMAN TYPE K 

For estimating exposures on new objects particularly 
for Van de Graaff. 
Fast, medium contrast, very coarse grain 
Thick emulsion, extremely sensitive to pressure marks 
Requires long washing period (30 minutes) 


ANSCO HIGH SPEED 
A fairly satisfactory substitute for type F. 


SUPER Ray A 
A less satisfactory substitute for type A. 


Slower 
Poor emulsion base 


SuPER Ray B 
A less satisfactory substitute for type M. Almost 
twice as fast. 
Larger grain 
It is most similar to Super Ray A 
Poor emulsion base 


X-Ray Film 


portional to exposure; slope is an approxima- 
tion of speed. These can be very useful in 
deriving the correct exposure time for an un- 
familiar object. For instance if at 400 KV at 
any distance the first trial shot for 9 minutes 
on M film proved to be exposed to a density of 
1.0 where a density of 1.5 is desired, take from 
the curve the ratio of exposures for these 
densities and multiply by the original exposure. 
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Thus aa < 9 = 14 minutes under the identical 





conditions will give a density of 1.5. Although 
slightly less convenient, this may also be done 
from an H and D curve. 


Density versus Thickness 


(See Figure 41.) 

When many curves similar to these are made 
varying only time and thickness, a standard 
technique chart may be drawn up by choosing 
some fixed density and plotting exposure versus 
thickness at that density. 


This curve may also be useful in measuring 
object thicknesses by densities. However, for 
each film made for measurement an accompany- 
ing wedge or reference film must be simultane- 
ously exposed and developed. Otherwise un- 
controllable variation prohibits accuracy. 
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Chapter 5 


: FILM PROCESSING 


Interaction of Film and Processing Chemicals 


The photographic process depends upon the 
fact that the reduction of the silver ion to 
metallic silver by a developing solution pro- 
ceeds much more easily for an exposed silver 
halide grain than for an unexposed grain. There 
are two kinds of development which occur 
simultaneously in ordinary developers, physi- 
cal development and chemical development. 

A physical developer contains a reducing 
agent, free silver ions, and a weak acid. These 
solutions deposit silver upon suitable nuclei, 
such as those formed in the silver halide grains 
by exposure to radiation. In a true physical 
developer, therefore, the silver which forms 
the image is not derived from the silver halide 
of the emulsion. 

In chemical development the silver bromide 
grain itself is reduced starting from specific 
points of the surface. The developer does not 
contain any free silver ions and is a stronger 
reducer. 

In ordinary developers both types of develop- 
ment occur since they contain substances which 
dissolve silver bromide, the commonest of which 
is sodium sulfite. The reduction of the silver 
is initiated by chemical development, but 
physical development occurs in the later stages. 
All x-ray developers are alkaline solutions. 

Chemically the speed of development changes 
with the alkalinity of the solution. Fast de- 
velopers like Kodalk and Supermix are highly 
alkaline. Appreciable amounts of oxidation 
products impede development, but secondary 
chemical reactions which eliminate these oxi- 
dation products proceed at a rate proportional 
to the alkalinity of the solution. 

Also, gelatins soften, expand, and absorb 
solutions more easily in the presence of an 
alkali. Thus the alkali serves a mechanical as 
well as a chemical purpose. 
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Ingredients of Developers 


A developer generally consists of a reducing 
agent, a preservative, a restrainer, and an alkali. 

Reducing Agents—tThere are literally hun- 
dreds of reducing agents but the commonest 
are metol or elon (methyl-P-aminolphenol) 
and hydroquinone. Metol is quick acting and 
brings out the latent image almost immediately. 
It does not develop deep blacks but is respons- 
ible for the intermediate tones and detail. A 
developer containing only metol as a reducing 
agent is soft and fuzzy. Hydroquinone is slow 
acting; the latent image appears near the end 
of the development. It produces deep black 
deposits with sharply defined edges. It is a 
hard developer. Ordinary x-ray developers 
contain both these chemicals. 

Preservative—Excessive oxidation and con- 
sequent fast deterioration of the developer is 
prevented by a preservative such as sodium 
sulfite. The oxidation of both metol and hy- 
droquinone is reduced to a minimum in the 
pressure of sodium sulfite. Development of 
unexposed silver halide grains is also prevented 
by a sufficient concentration of sulfite particu- 
larly in the presence of hydroquinone. 

Sulfite is also a halide solvent and tends to 
retard normal chemical development and ac- 
celerate physical development. 

Restrainer—Some chemical agent is usually 
employed to restrain the production of fog. 
Potassium bromide is one of the most common. 
The reaction of antifoggants is not clear. How- 
ever, they postpone the appearance of fog until 
after the latent image is developed. In develop- 
ment the bromide causes an initial retardation, 
the length of which depends on exposure and 
bromide concentration. The shape of the H/D 
curve is altered by bromide, especially the 
inertia point. 

Alkali—A constant level of alkalinity is of 


Film Processing 


the utmost importance in a developer. Most 
of the developing agents do not develop without 
alkali. The rate of development increases with 
alkalinity, but this reaches a limit after which 
no increase in alkali will increase the rate of 
development. The common alkalis are car- 
bonates and for fast, contrasty developers, 
hydroxides. 


Fixation 


In addition to the reduced metal which forms 
the image, the developed film contains the resi- 
dual silver halide unaffected by the developer. 
It is held in a gelatin layer which is swollen 
with a solution of sodium carbonate or other 
alkali and contains also partially oxidized pro- 
ducts from the developer. Fixing should dis- 
solve the excess halide; secondarily it should 
stop development, prevent organic stain and 
harden or check the swelling of the gelatin. 

Sodium thiosulfate or hypo is an excellent 
halide solvent and most commonly used. Many 
complex products are formed in the action of 
hypo on the silver halides. 

Long before the hypo of a fixing bath is 
exhausted the solution must be discarded be- 
cause the complex products of the silver halide 
and hypo reaction tend to become adsorbed to 
the gelatin or silver grains of the image. They 
are not readily washed out and so remain in 
the film where they later decompose and cause 
stain. 

The addition of 2-4% ammonium chloride to 
fixers accelerates the rate of fixation consider- 
ably. 

At the end of the clearing time 5% of the 
original silver halide remains in the film, but 
at the end of two times the clearing time 0.25% 
remains. For old fixer this is insufficient time 
because of adsorption. It is best to clear in 
one bath and transfer to a second for an equal 
length of time. Washing will then complete 
the halide removal. 

To prevent oxidation of developer and stain- 
ing in the fixing tank and to arrest development 
rapidly, it is desirable to use an acid solution 
of thiosulfate. But hypo is unstable in the 
presence of an acid and deposits sulphur. This 
reaction can be prevented by the addition of 
sulfite to the solution. 


The hydrogen ion concentration or acidity 
of the fixer must be high enough to neutralize 
the carried over developer and not so high as 
to deposit sulphur (pH 4.0-6.5) and must carry 
large reserve acidity. Acetic acid satisfies 
these requirements. 

Therefore, an ordinary fixer contains hypo, 
sodium sulfite, and acetic acid. Sometimes 
other acids than acetic are used, like boric 
acid. Potassium alum is sometimes employed 
as a hardener, and ammonium chloride added 
as an accelerator. 


Practical Considerations 


Because of the simplicity of processing films, 
the technician is apt to forget that developing, 
fixing, and washing the film is still a sensitive 
and delicate chemical-physical reaction. Ex- 
treme care is essential. 

Because so many factors in the radiographic 
process are variable it is important to standard- 
ize darkroom procedure. Ideally, every film 
exposed to the same amount of radiation should 
become a radiograph of identical densities and 
range. This is not easy. Therefore, all dark- 
room operations must be rigidly standardized. 

Mixing—In general, solutions used in the 
laboratory, whether in powder or liquid form 
are already made up by the manufacturer whose 
directions must be followed implicitly. Devia- 
tion here will cause chemical deterioration. 
The preservative must be added before the re- 
ducing agent or halide solvent. Mixing temp- 
erature must not be over 125°F. Mixing 
vessels or pails should be made of enamelware, 
stainless steel, glass, hard rubber, or glazed 
earthenware. Metals, such as_ aluminum, 
galvanized iron, tin, copper, and zinc, will 
cause contamination and result in fog on the 
radiograph. Solutions should be stirred each 
day before use. Wooden paddles about 36 
inches long, one for developer and one for fixer, 
are most practical for stirring. If they are 
washed thoroughly and hung up immediately 
after use, drying will take place rapidly, and 
there will be no danger of contamination. 

The developing tank or insert should be 
covered when not in use to prevent excessive 
surface oxidation. Each day before developing 
and stirring, the surface scum should be re- 
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Chapter 5 


: FILM PROCESSING 


Interaction of Film and Processing Chemicals 


The photographic process depends upon the 
fact that the reduction of the silver ion to 
metallic silver by a developing solution pro- 
ceeds much more easily for an exposed silver 
halide grain than for an unexposed grain. There 
are two kinds of development which occur 
simultaneously in ordinary developers, physi- 
cal development and chemical development. 

A physical developer contains a reducing 
agent, free silver ions, and a weak acid. These 
solutions deposit silver upon suitable nuclei, 
such as those formed in the silver halide grains 
by exposure to radiation. In a true physical 
developer, therefore, the silver which forms 
the image is not derived from the silver halide 
of the emulsion. 

In chemical development the silver bromide 
grain itself is reduced starting from specific 
points of the surface. The developer does not 
contain any free silver ions and is a stronger 
reducer. 

In ordinary developers both types of develop- 
ment occur since they contain substances which 
dissolve silver bromide, the commonest of which 
is sodium sulfite. The reduction of the silver 
is initiated by chemical development, but 
physical development occurs in the later stages. 
All x-ray developers are alkaline solutions. 

Chemically the speed of development changes 
with the alkalinity of the solution. Fast de- 
velopers like Kodalk and Supermix are highly 
alkaline. Appreciable amounts of oxidation 
products impede development, but secondary 
chemical reactions which eliminate these oxi- 
dation products proceed at a rate proportional 
to the alkalinity of the solution. 

Also, gelatins soften, expand, and absorb 
solutions more easily in the presence of an 
alkali. Thus the alkali serves a mechanical as 
well as a chemical purpose. 
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Ingredients of Developers 


A developer generally consists of a reducing 
agent, a preservative, a restrainer, and an alkali. 

Reducing Agents—There are literally hun- 
dreds of reducing agents but the commonest 
are metol or elon (methyl-P-aminolphenol) 
and hydroquinone. Metol is quick acting and 
brings out the latent image almost immediately. 
It does not develop deep blacks but is respons- 
ible for the intermediate tones and detail. A 
developer containing only metol as a reducing 
agent is soft and fuzzy. Hydroquinone is slow 
acting; the latent image appears near the end 
of the development. It produces deep black 
deposits with sharply defined edges. It is a 
hard developer. Ordinary x-ray developers 
contain both these chemicals. 

Preservative—Excessive oxidation and con- 
sequent fast deterioration of the developer is 
prevented by a preservative such as sodium 
sulfite. The oxidation of both metol and hy- 
droquinone is reduced to a minimum in the 
pressure of sodium sulfite. Development of 
unexposed silver halide grains is also prevented 
by a sufficient concentration of sulfite particu- 
larly in the presence of hydroquinone. 

Sulfite is also a halide solvent and tends to 
retard normal chemical development and ac- 
celerate physical development. 

Restrainer—Some chemical agent is usually 
employed to restrain the production of fog. 
Potassium bromide is one of the most common. 
The reaction of antifoggants is not clear. How- 
ever, they postpone the appearance of fog until 
after the latent image is developed. In develop- 
ment the bromide causes an initial retardation, 
the length of which depends on exposure and 
bromide concentration. The shape of the H/D 
curve is altered by bromide, especially the 
inertia point. 

Alkali—A constant level of alkalinity is of 
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Film Processing 


apparently the solution is yet not in equilibrium 
with the oxidation products which temper it. 
Therefore, it is sometimes recommended that 
a small quantity of the discarded developer be 
saved and mixed with the new. 


Replenisher Method 

By using replenisher, the developing time 
can be kept constant throughout the life of the 
solution. In this method films should be re- 
moved from the developer quickly and the ex- 
cess developer not allowed to drain back into 
the tank. Normally, this should carry out the 
proper amount of solution. Approximately one 
_gallon of replenisher should be added for every 
40 14x17 films or their equivalent area. If 
sufficient solution has not been removed by the 
carry over, the films have been allowed to drain 
too much and enough solution must be removed 
from the tank to allow the addition of the 
proper amount of replenisher. The solution 
should be discarded when the replenisher used 
equals four times the original quantity of de- 
veloper. 


Agitation 

In order to prevent films’ sticking together, 
eliminate air bubbles on the surface of the film, 
and principally to insure uniform development, 
agitate the film during developing. The de- 
veloper in intimate contact with the film quickly 
becomes exhausted; if it is not renewed, the 
development slows down and become uneven. 
Therefore, the film should be agitated thor- 
oughly (but not lifted out of the solution) for 
five seconds at least once every minute. 


Rinsing 

After development films should be rinsed in 
clean water for about 30 seconds because the 
gelatin of the emulsion, even when well drained, 
retains a considerable amount of developer. 
If films are transferred to the fixer directly, 
the alkali from the developer will neutralize 
some of the acid in the fixer. In a short time, 
the chemical balance of the fixer will be im- 
paired, the hardening action lost, and stains 
will be produced. Rinsing time may be ex- 
tended to 114 minutes, if necessary, to prevent 
mottling. 


Stop Bath 


To prevent more completely the introduction 
of developer into the fixing bath, a stop bath 
consisting of 6 ounces of 28% acetic acid per 
gallon of water may be used. Films placed in 
this bath for about 30 seconds before going into 
the fixing bath will be fairly free from alkali, 
and the life of the fixing bath will be prolonged. 
The stop bath should be replaced as soon as it 
fails to show an acid reaction to litmus paper. 
If a carbonate is an ingredient of the developer, 
tiny bubbles may form in the emulsion. Keep- 
ing all solution temperatures uniform will help 
avoid this. If not, omit the stop bath. 


Fixing Bath 

When the films are first placed in the fixing 
bath, and once or twice during fixation, the 
hangers should be agitated to insure uniform 
action of the chemicals. If one fixing tank is 
used, Types M, A, F, Super Ray A, B, and 
High Speed should be left in the solution at 
least 15 minutes and Type K, 25’ minutes. Two 
tanks of fixer are preferred, however. In this 
case films should remain 5 minutes in the first 
insert and 5 to 10 minutes in the second. If 
the clearing time in the first insert exceeds 5 
minutes, the solution should be discarded. 
Number 2 insert is then moved up to Number 
1 and the fresh solution replaces Number 2. 
An exhausted fixing solution is not renewable 
by the addition of chemicals and must be dis- 
carded when clearing time becomes excessive. 


Washing 


X-ray films should be washed in running 
water that is so circulated that the entire emul- 
sion area will be washed. The bar of the 
hanger and the top clips should always be 
covered completely by water. 

Efficient washing of the film depends both 
on sufficient flow of water to carry hypo away 
rapidly and on adequate time to allow the hypo 
to diffuse from the film. To wash x-ray film 
the hourly flow of water should not be less than 
12 times the volume of the tank, and time of 
washing should not be less than 20 minutes. 
Insufficient washing leads to later discoloration, 
fading of the image, and corrosion of the image 
by the residual hypo. 
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Chapter 6 
SCATTERING AND FILTRATION 


Scattering 


Scattering is the process of producing x-rays 
by irradiating matter with x-rays. The in- 
tensity of scatter produced by the primary 
radiation is a function of the kilovoltage of the 
primary beam and the material radiated. This 
scatter comes from four distinct processes; 
formation of characteristic x-rays, unmodified 
scatter, Compton scatter, and pair production. 
Regardless of how the scatter is produced, the 
effect on the film is the same, causing high 
over-all density, but contributing nothing to 
the radiograph. See Figure 55. 

The ratio of Compton scatter, the principal 
type, to direct radiation is inversely propor- 
tional to the voltage and directly proportional 
to the density and thickness of the scattering 
material. There are generally two types of 
scatter reaching the film, forward scatter which 
tends to increase the area of the beam and 
back scatter. The shape of the object is also 
a large factor in the scattering process. 

The effects of scattered radiation can be seen 
by an analogy to light. Figure 55 shows the 
effect on sensitivity of scattered light. As the 
ratio of scattered to direct light increases, the 
sensitivity becomes poorer. 

The same effect is obtained in radiography. 
The ratio of scattered to direct radiation for 
the range of voltage used, is shown in Figure 
58. This scattering factor, as it is called, 
affects the sensitivity of the radiograph pro- 
portionally. 

Objects having the greater thickness in the 
center than on the edge have a higher scatter- 
ing factor. The reason for this can be seen, 
since the thicker section reduces the intensity 
of the beam more than the thinner section. 
Therefore, the radiation from the thinner sec- 
tion scatters into the area of the thicker section 
on the film. This is called “undercutting.” 
Due to the scattering, the separation between 
the two sections is not distinct. 
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There are several methods of eliminating 
scatter or secondary radiation. 


Filtration 


Filtration is the process of placing some 
absorber, usually copper or lead, in the beam 
either at the tube or between the object and the 
film. The filter absorbs the longer wave length 
x-rays, thus giving essentially a harder beam. 
That this is advantageous may be seen from 
Figure 58, since scattering factor is a function 
of the effective wave length. This method 
reduces the scatter satisfactorily in nearly 
every case. 

In practical radiography the presence on the 
film of evidence of excessive scattering indi- 
cates that a higher voltage is necessary. If a 
higher voltage is not available, the position of 
the filter to be used is of some importance. 
The interposition of a filter in the beam be- 
tween target and film will reduce the sensitivity 
of the radiograph because of the additional 
thickness the radiation must penetrate. This 
may be undersirable. 

In examining cylindrical objects if high 
sensitivity must be had in the center of the 
cylinder, a filter should be omitted in spite of 
the undercutting along the parallel sides. If 
an average over-all sensitivity is desired 
(elimination of undercutting and _ lessened 
sensitivity in the interior), the filter at the 
tube will give slightly better results than a 
filter at the film. However for differential 
masking or filtering, i.e., a 40-mm. steel pro- 
jectile with an aluminum fuze, lead between 
the object and film will give good results. 


Coning 

Coning is the process of limiting the field of 
radiation to the area of the film. This reduces 
the scattering by reducing the amount of radia- 
tion that passes through the object. In this 
case the radiation will not scatter on to the 
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Chapter 7 


SCREENS 


Lead 
Theory of Lead Intensifying Screens 


The intensification of lead screens is a re- 
sult of the ejection of photoelectrons from the 
surface of the irradiated lead screens with the 
consequent emission of characteristic radia- 
tion. 

When a photoelectron is ejected from an 
atom of lead in the screen an electron from 
another energy level falls in its place and in 
so doing emits characteristic radiation which 
reacts with the film emulsion. The high energy 
photoelectron in leaving the screen strikes the 
film and ionizes the atoms of the emulsion of 
the film. Probably the greatest reaction is 
caused by each photoelectron striking and 
ionizing a large number of the atoms of the 
sensitive emulsion. The total of these effects 
is known as the intensification. 

Then, if the primary radiation is of high 
enough energy to eject the photoelectrons from 
the lead screens, the object thickness and 
density great enough to filter out those wave 
lengths incapable of producing the photo- 
electrons and the absorption of the lead screen 


small enough, there will be an intensifying 
action of the film from the use of lead screens. 
In addition the lead screen filters out a large 
proportion of the soft scatter striking the 
screen at large angles. 


Intensification Factor 


This factor is the ratio of the exposure time 
with screens to the exposure time without 
screens with reference to a definite density. 

The intensification factor increases with 
hardness of the radiation and object thickness 
and density up to approximately 400 KV; then 
it is practically constant at least up to 20 M.E.V. 
In radiography of aluminum at 150 KV the 
thickness must be about 6 inches in order to 
obtain any intensification by the use of lead 
screens. 

In radiography of 14” steel, the intensifica- 
tion factor is 16% at 150 KV and in the neigh- 
borhood of 300% at 400 KV. 

The following is a chart of relative exposure 
times using plain holders and lead screens at 
different kilovoltages, the focal-film distance 
and a film density of 1.0 being the same in all 
cases with no object or filtration: 


TABLE III 
EXPOSURE FACTORS WITH AND WITHOUT SCREENS FOR ZERO THICKNESS 


Lead Screens 

( 60 KV 
100 KV 
150 KV 


\ 200 KV 
300 KV 
400 KV 


Kelly-Koett 


General Electric 


Exposure Exposure 
Factors Plain Holders Factors 
120 60 KV 5 
16 100 KV 2: 

5 150 KV 1 
10 200 KV 4% 

21% 300 KV 1% 
1 400 KV 1 


(Compare ratios of exposure factors horizontally.) 


Filtering Action 

In addition to their intensifying action, lead 
screens act as filters of scattered radiation. 
The front screen absorbs a large percentage of 
the longer wave length scattered radiation (due 
to its longer path through the lead because of 


its angle of projection and because it is more 
easily absorbed than the more penetrating 
primary radiation). The back screen, in addi- 
tion to its intensifying action, absorbs the back 
scatter or radiation scattered back from ex- 
posure table walls, floors, etc. 
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Quality of Result—Graininess 


In radiography of dense and irregularly 
shaped objects, the improvement in definition 
and decrease of undercut by using lead screens 
is very noticeable largely due to the filtering 
action of the lead. At lower kilovoltages the 
use of lead screens may require longer ex- 
posure time, but if the quality of the radiograph 
is better than a direct exposure, lead screens 
should be used. 

The effect on graininess in the radiograph by 
the use of lead screens is practically negligible. 


Efficient Thickness of Screens 


The ejected photoelectrons come from an ex- 
tremely small layer of the lead closest to the 
film. Usually though, the front screen is about 
.005 inch thick which is a compromise between 
absorption of secondary radiation and intensi- 
fication of the primary radiation. The back 
screen is usually .010 inch thick in order to 
absorb all of the back scatter. At 2 M.E.V. 
the optimum lead screen thickness is .007 inch. 
However, the gain between 5 and 7 thousandths 
inch is very small. 


Effective Voltage 


The intensification will begin when the wave 
length of the primary radiation is 0.141 A or 
less (the K alpha 1 line of lead). This is the 
shortest wave length emitted when the tube 
voltage is at about 88 KV and in order for the 
effective wave length to be of this value the 
tube voltage would have to be 1.3 times 88 KV 
er approximately 114 KV. 

However, with no filtration and no object, 
the intensification just overcomes the absorp- 
tion of a .005” Pb screen at about 400 KV. In 
other words a film would have the same back- 
ground density whether exposed in a plain 
holder or .005” Pb screen holder at this KV. 


Cleaning and Care 


Proper care of the lead screens is very im- 
portant if the best radiographic results are to 
be obtained. If the screens are not smooth and 
free of streaks, indentations and corrosion or 
if there are foreign substances between the 
screen and film, the result will be light areas 
or spots on the developed film. Any foreign 
substance, corrosion, etc., will absorb the photo- 
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electrons and so decrease film density. In the 
chapter on film defects will be found a descrip- 
tion of some which are due to screen defects. 
Anything which will eliminate the particular 
screen defect should be done. It is advisable to 
wipe off the screens each time before loading 
with a soft lintless cotton cloth to eliminate 
scraps of black paper and other dirt; at least 
turn the holder on edge or upside down so the 
larger particles will fall off. If the screens are 
damaged the holder should be set aside for 
later repair or replacement of screens. 

“If the screens become corroded from hand- 
ling with wet hands they may be cleaned by 
gently rubbing with a cotton cloth soaked in 
“bright work” polish. When the polish dries 
it may be wiped off with a dry cloth. There will 
still be some deposit on the screens which can 
be wiped off with a cloth dampened in gasoline 
or carbon tetrachloride. This must be followed 
by wiping with a clean dry cotton cloth. The 
holder should be left open for awhile afterwards 
to dry completely. 

Scratched, dented, or streaked screens are 
not easily repaired and so should be discarded. 
Bent or wrinkled screens can sometimes be 
rolled out smooth so that they will again make 
good contact with the film. 


Making Screens 


Very suitable screens may be made using old 
film and smooth sheet lead of the proper thick- 
ness. The old film is sprayed with a thin rubber 
cement; when this has dried, the lead and film 
are lightly rolled together. It may be necessary 
in some cases to roughen the surface of the 
film with fine sandpaper for the cement to 
adhere properly. The finished screen is very 
flexible and will not crimp or wrinkle easily. 
The front and back screens can be hinged with 
adhesive or masking tape for easy handling 
when placed in a cardboard holder. Light 
cardboard backing is easier to cement and is 
almost as serviceable. 

It has been found that soft lead sheets are 
more easily rolled out smooth than the harder 
ones with a high tin or antimony content. When 
even minute wrinkles are left in the screen, the 
results will be poor, especially at low voltages. 
For best results the lead should be rolled on a 


Screens 





clean glass surface with a smooth hard roller 
which covers the entire width of the lead. 


Lead Screen Cassettes 


Cassettes are film and screen holders which, 
when closed, hold the screens in good contact 
with the film by means of a felt lined back 
plate and spring clamps. Good screen-film 
contact is necessary to obtain good detail on the 
film. 

Because the screens are held against the 
film by spring pressure, good screen-film con- 
tact is maintained regardless of the cassette 
position. When the film has to be in any posi- 
tion other than horizontal, better results will 
be obtained by using cassettes. 


Use of Plain Holders 


Plain holders are used in the radiography 
of thin sections at low kilovoltage, 150 KV and 
lower. Their only function is to prevent the 
film from becoming fogged by light. This type 
of holder does not absorb scatter, in fact may 
even contribute to it. 

Due to scatter, sensitivity is poorer in thicker 
sections when using plain holders. Following 
are some examples of sensitivities obtained at 
the Navy laboratory: 14” steel, 150 KV, 3 ft. 
F-F distance, “A” Film, Pb screens, 0.6% 
sensitivity; 14” steel, 150 KV, 3 ft. F-F dis- 
tance, “A” Film, plain holder, 0.8% sensitivity ; 
1” steel, 400 KV, 12 ft. F-F distance, “‘A”’ Film, 
Pb screens, 0.6% sensitivity; and 1” steel, 400 
KV, 12 ft. F-F distance, “A” Film, plain holder, 
1.0% sensitivity. “Sensitivity” is the smallest 
thickness of flaw which can be seen on the 
radiograph, expressed as a percentage of the 
total thickness of material. 

Because of intensification and absorption of 
scatter, film contrast will be increased in lead 
screens over that in plain holders. 

The usual plain holder is made up of two 
hinged cardboards between which is placed a 
light-tight paper envelope to hold the film. 
This type of holder should not be used when 
the kilovoltage is lower than about 30 KV 
because the inhomogeneities in the cardboard 
show quite plainly on the radiograph. For 
lower kilovoltages, satisfactory holders can be 
made by taping two completely black films to- 


gether with black masking tape, leaving a flap 
on one end. This type of holder is quite satis- 
factory as long as reasonable precaution is 
taken not to scratch some of the emulsion from 
the film of the holder. 


In some cases it may be necessary to tape 
a sheet of lead to the back side of the holder 
to absorb the back scatter. When radiograph- 
ing heavier sections using standard plain 
holders it may be necessary to place a sheet of 
cardboard in front of the backing lead in the 
holder to absorb the back photoelectron scatter 
from the lead which would cause an imprint of 
the folded envelope on the film. 


Calcium Tungstate Screen Cassettes 
Theory 


Calcium tungstate screens when impinged 
upon by x-rays or gamma rays transform the 
energy of the radiation into radiation of longer 
wave lengths in the ultra-violet and visible 
blue-violet range. The energy of the impinging 
radiation transformed by the calcium tungstate, 
produces ionization or excitation or both within 
the atoms of the screen. In returning to their 
normal states the atoms produce fluorescence. 

Two screens are usually used, one on each 
side of the film. The front screen is usually 
thinner than the back screen to minimize x-ray 
absorption. The intensifying screens and film 
combination when exposed to x-ray or gamma 
ray produce the latent image on the film partly 
by the action of the x-ray but mostly through 
the action of the ultra-violet and visible light. 
The necessary exposure time to produce a given 
density is thereby reduced. The ratio of the 
exposure time with screens to the exposure 
time without screens is known as the intensi- 
fication factor. 


Intensification Factor 


The intensification factor at 70 KV generally 
given for “high definition” screens is about 
10; medium or “par speed” about 20; and fast 
or “high speed” about 30, at a density of 1. 
These factors would be obtained upon exposure 
of the same type if film in plain holders and 
calcium tungstate screens with no object or 
filtration. 
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At the Navy laboratory tests have been made 
with the following results: 

At 150 KV, 6 ft. focal-film distance, no filtra- 
tion, at a density of 1, .35 inch steel, the in- 
tensification factor of “F”’ film in #245 screens 
over “A” film in lead screens is about 300 to 1. 

At 400 KV, 12 ft. focal-film distance, no 
filtration at a density of 1, 1 inch of steel, the 
intensification factor of “F” film in #245 
screens over “A” film in lead screens is about 
165 to 1. 

With radium, at 3 ft. focal-film distance, no 
filtration at a density of 1, the intensification 
factor of ‘‘F” film in #245 screens over “A” 
film in lead screens is about 90 to 1. 

The highest intensification factor for calcium 
tungstate screens on the point of maximum 
efficiency for production of fluorescence occurs 
at about 150 KV. 

The intensification factor increases as the 
film density increases. Therefore, by use of 
intensifying screens, the contrast is increased. 


Quality—Graininess 

The chief disadvantage resulting from the 
use of intensifying screens is the unsharpness 
of lines caused by the finite size of the crystals 
of the fluorescent material. The reason for this 
is that when an x-ray photon traverses part of 
a crystal the whole crystal lights up. In the 
“high-speed” screens the unsharpness due to 
crystal size may be several tenths of a milli- 
meter and is most visible when the film density 
is in the range of .5 to 1.0. 

When using “high-speed” screens the sensi- 
tivity is usually very poor. It is quite difficult 
to obtain better than 2% sensitivity using them. 


Use 

When dirty, these screens may be washed 
with mild soap and water. Dented or cracked 
screens must be replaced. 
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‘or plain holders. 


Calcium tungstate screens are used when 


_the amount of radiation getting to the film is 


small, and would require impractical exposure 
times with other film and either lead screens 
They are used in industrial 
radiography at low voltages on thick metal 
sections and occasionally at high voltages or 
with gamma ray, on extremely thick sections. 
In medical radiography they are used when 
radiographing sections of the body which can- 
not be immobilized. They are also used when 
radiographing the thicker portions of the body 
to cut down on the amount of radiation or 
dosage that the patient is required to take. 


Screen and Holder Defects 


A discussion of most of these defects appears 
in the next chapter. Some of the more common 
ones are: 

1. Black “sunbursts” caused by light leak- 
ing around the edges of cassettes and worn 
paper envelope corners of cardboard holders. 

2. Poor screen contact which causes dif- 
fusion of photoelectrons from lead screens or 
light from fluorescing screens, thereby pro- 
ducing unsharpness of line. 

3. Dents in screens produce results some- 
what similar to poor screen contact except that 
when using lead screens the surrounding area 
is light because of the increased lead thickness 
due to angular penetration. The area under a 
dent in a fluorescent screen will appear dark on 
the film. 

4. Scratches appear as dark streaks when 
using lead screens and light streaks when using 
fluorescent screens. 

5. Dirt and foreign material on screens 
cause light areas on the film because of their 
absorption of light or photoelectrons from the 
screen. 
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square of the distance, as can be seen from 
Figure 82. This relation is always true. 

Therefore, the exposure intensity is propor- 
tional to the current, proportional to a varying 
power X of the voltage and inversely propor- 
tional to the square of the distance. 


I = intensity 


ix V: K = constant 
LK qd where 2 = current 
V = voltage 

= distance 


The film and screen combinations are listed 
separately in technique charts. Generally 
speaking, the greater the speed factor, the 
poorer the sensitivity; therefore, it is not 
always possible to use the fastest combination. 
The film and screen should be selected to meet 
the problem. 

The density of the object is a limiting factor 
in radiography. 
sidering the half-value layers of the object. 
This means that if an object is equivalent to 3 
HVL it has three thicknesses, each of which 


FIGURE 82 


will absorb half of the radiation impinging 
upon its surface. It may be said then, that 
Bioa = Eo X 22 = E, X 8. The total exposure 
time then will be eight times the exposure time 
without the object. In general, the exposure 
time is proportional to 2 raised to the number 
of HVL of the material to be radiographed. 


TABLE IV 


HALF VALUE LAYER 
Voltage Al Fe Cu Pb 
150 KV 75” .045” .036” .010” 
400 KV Lb 20°" 10” .016” 
2000 KV 2.30” 85 ” 70 ” 53 ” 
Radium 2p 9 ” 1b" 6.” 


High Voltage Technique 
In general differential masking is not used 
in radiography at higher voltages because of 
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It can best be stated by con- | 


the greater latitude, obtained by the more pene- 
trating short wave lengths. However, in cases 
of great variation in object thickness and dens- 
ity it is done to obtain a less contrasty radio- 
graph. Masking is the process of placing a 
thickness of lead or equivalent over the thinner 
portions of the object that would be “burned 
cut” by exposure for a readable density in the 
thicker section. 

In high voltage radiography it is considered 
good practice to place 1% inch lead over the film, 
to cut down on room scatter and forward scat- 
ter from the object. This lead is sometimes 
protected by a %2 inch stainless steel sheet to 
prevent the lead from being scratched. 

Under the film is placed 14 inch of lead to 
eliminate the back scatter. The technician 
should be sure that the back lead and front lead 
completely cover the film. 

The object or center point of the section 
should always be centered under the target by 
use of the plumb bob in order to reduce dis- 
tortion in the radiograph. The object must be 
level in all directions. 

When lead cones and inserts are used, the 
field of radiation and distance from target 
should be checked so that the film is not outside 
the beam. 

The areas of radiation for different cone in- 
serts, for varying target-film distances, are 
given in the accompanying chart, Figure 84. 

When objects require more than one film the 
cbject must be sectionalized, that is, marked 
off into sections. 

The amount of distortion due to the non- 
parallel paths of the photons through the thick- 
ness of the object cannot be entirely avoided. 
The radiograph is not then a true projection. 
The area near the top of the object recorded 
cn the film is smaller than the area on the bot- 
tom of the object because of the divergence of 
the beam. Therefore the sections marked off 
are smaller than the film size and the films when 
viewed later should overlap. The amount of 
lap depends on object thickness and target film 
distance and is included here in chart form. 


Instructions for High Voltage Layout System 


I. Check file for photographs of subject. 
A. Objects radiographed before have 
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Radiographic Factors and Techniques 


photographs that may be used on 6. Example: 
identical objects provided the layout D equals 80 in. 
is the same. W equals 14 in. 
B. Photographs should be used to iden- L equals 4 in. 
tify positions. Thus, by using iden- D 80 80 
tical positions on identical objects, W-L equals 14-4 equals “10 equals 8. 
the operator can eliminate photo- The number of film required is 8. 


graphing all but the first object. 
II. Position 2 is 90° counterclockwise of Po- 
sition I looking aft from nose. 
III. The Lap. 
A. Determine the width of lap from dis- 
tortion chart. 
1. It is desirable to use full inch lap 
only. 
2. Example: FIGURE 86 
a. T.f. distance—6 ft. 





V. Sectionalizing an object. 
A. To sectionalize objects, work from the 


center. 
B. Laying out plumb points. 
. 1. If the number of radiographs re- 
quired is EVEN: 
iF a. The first plumb points on each 


side of the midpoint is a dis- 
o/e ——_—»>|«<——oe tance equal to one-half the ef- 
fective length of the film along 
o _ (W-L). 
the center line 5 
. All plumb points are along the 
center line (y-y’). 





FIGURE 85 b 


b. Object maximum thickness— 
14 in. 

c. Film size—14 x 17 using the 14 

' in. under the maximum thick- 
ness. 








dy 
d. Chart reading—2.7 in. 
e. The lap is 3 in. 
IV. The number of radiographs required for 
an entire object. 
A. Use the formula N = ca to deter- FIGURE 87 
mine number of radiographs required. c. All plumb points are spaced a 
1. D is length of object in inches. distance equal to the length of 
2. Lis width of lap. the film along the center line 
3. W is length of film in inches along less the width of the lap (W-L) 
the center line. apart. 
4. N is number of divisions required. 2. If the number of radiographs re- 
5. Number of divisions required must quired is an ODD number: 
be next larger whole number. a. The midpoint (QO) is also the 
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plumb point of the center divi- 
sion or section. 

b. All plumb points are along the 
center line (y-y') 

ce. All plumb points are spaced a 
distance equal to the effective 
length of the film along the cen- 
ter line (W-L) apart. 





FIGURE 88 


3. For objects too wide for one radio- 


graph, use two radiographs; con- 
sider the two radiographs as one 
larger radiograph in laying out 
plumb points (P). 
EXAMPLE: 
a. Object is 21 in. wide. 
b. Required two 14 x 17 radio- 
graphs. 
ec. Considered as one 17 x 28 
radiograph. 


. Plumb points are in the center of 


the radiograph. 





C. The border lines 
1. Commencing at the nose the bor- 


der line of the forward division is 
a solid line. 


2. Every alternate or odd numbered 


division is bordered by solid lines. 


3. 


OP 1681 





The division adjoining the for- 
ward division is bordered by bro- 
ken lines ( ----- ). 


. A- even number divisions are bor- 


dered by broken lines ( - - - - - ). 


. Miscellaneous sections are bor- 


dered by lines (----- ). (Note 
section’s plumb point - - M.) 


. If the width of the object necessi- 


tates port and starboard radio- 
graphs, the center line is a solid 
line as in the above figure. 





FIGURE 90 


D. Numbering sections. 


1. 
2. 


3. 


Number sections nose to stern. 
Position 2 section numbers follow 
position 1 section numbers. 


Numbers of miscellaneous sections 
follow position 2 section numbers. 


. If the width of the object necessi- 


tates port and starboard radio- 
graphs the even section numbers 
are always the port sections. 


. In removing film from holder in- 


sert film sideways, not endways. 
Then the film is in the same posi- 
tion as when exposed. 


. Film is numbered in upper right 


corner. Position and section num- 
bers are placed in upper left cor- 
ner. 


. The nose of the object points to 


the port side of the hoist platform 
(looking from the driver’s seat). 
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Object Thickness in Inches 


an &® & NH 


co 4 


10 
11 
12 


13 
14 
15 
16 
17 
18 


19 
20 
21 
22 
23 
24 


25 
26 
27 
28 
29 
30 


31 
32 
33 
34 
35 
36 


8 
1.7 
2.5 
3.3 
4.2 
5.0 


4 
8 
1.3 
1.7 
2.1 
2.5 


2.9 
3.3 
3.8 
4.2 
4.6 
5.0 


3 
6 


1.1 
1.4 
1.7 


1.9 
2.2 
2.5 
2.8 
3.1 
3.3 


3.6 
3.9 
4.2 
4.4 
4.7 
5.0 


4 

2 
4 
6 
8 


1.0 
1.3 


1.5 
1.7 
1.9 
2.1 
2.3 
2.5 


2.7 
2.9 
3.1 
3.3 
3.5 
3.8 


4.0 
4.2 
4.4 
4.6 
4.8 
5.0 


TABLE V 
LAP WIDTH: 10-INCH DISTORTION CHART 


Target—Film Distance in Feet 


1.3 
1.5 
1.7 
1.8 
2.0 


2.2 
2.3 
2.5 
2.7 
2.8 
3.0 


3.2 
3.3 
3.5 
3.7 
3.8 
4.0 


4.2 
4.3 
4.5 
4.7 
4.8 
5.0 


6 


I> ® © & 


1.1 
1.3 
1.4 
1.5 
1.7 


1.8 
1.9 
2.1 
2.2 
2.4 
2.5 


2.6 
2.8 
2.9 
3.1 
3.2 
3.3 


3.5 
3.6 
38 
3.9 
4.0 
4.2 


4.3 
4.4 
4.6 
4.7 
4.9 
5.0 


7 


Yoaan tb & 


1.1 
1.2 
1.3 
1.4 


1.5 
1.7 
1.8 
1.9 
2.0 
2.1 


2.3 
2.4 
2.5 
2.6 
2.7 
2.9 


3.0 
3.1 
3.2 
3.3 
3.5 
3.6 


bed 
3.8 
3.9 
4.0 
4.2 
4.3 


eS a 


Re? ieee ee ws 
wom oS & 


ee ee ere See 
COA oO be 


2.0 
2.1 
2.2 
2.3 
2.4 
2.5 


2.6 
2.7 
2.8 
2.9 
3.0 
3.1 


3.2 
3.3 
3.4 
3.5 
3.6 
3.8 


© 


HM CH MAANIR AA ew Dd 


Sa aed <t  e 
JI OQ OFF RP © PLO 


le See a 
oS %& t& & 


nN 
put 


a NM 
m to ty 


2 
Oo OH 


yo Ne 
om oN 


aa 


le Ge 
wo bo 


_ 
i) 


COIR oT mw & &© DS 


Fara 
o & 


ee ie 
om 0 © bt 


ee fees a 
SCH MO OND 


ph hy Ww 
ans &© @& bv fF 


oOo wOOoON oO 


= 
p_s 


COI HH nwo ds DY 


© 


Oe ee ee eee cae 
mot me me © 


Fee hee Cee ae ee 
CoNINIA AAA 


mw NNN WN 
oh eH OO & 


NNN NN WN 
YXIAAPD.ATN he &w 


12 


m wt te 


CO DO WVHA NH 


1.0 
1.1 
1.2 
1.3 


1.3 
1.4 
1.5 
1.5 
1.6 
1.7 


1.7 
1.8 
1.9 
1.9 
2.0 
2.1 


2.2 
2.2 
2.3 
2.3 
2.4 
2.5 
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Object Thickness in Inches 


66 


aon fF WwW WY KF 


J 


10 
11 
12 


13 
14 
15 
16 
17 
18 


19 
20 
21 
22 
23 
24 


25 
26 
27 
28 
29 
30 


31 
32 
33 
34 
35 
36 


1.0 
2.0 
3.0 
4.0 
5.0 
6.0 


5 
1.0 
1.5 
2.0 
2.5 
3.0 


3.5 
4.0 
4.5 
5.0 
5.5 
6.0 


3 
0 
1.0 
1.3 
1.7 
2.0 


2.3 
2.7 
3.0 
3.3 
3.7 
4.0 


4.3 
4.7 
5.0 
5.3 
5.7 
6.0 


3 
5 


1.0 
1.3 
1.5 


1.8 
2.0 
2.3 
2.5 
2.8 
3.0 


3.3 
3.5 
3.8 
4.0 
4.3 
4.5 


4.8 
5.0 
5.3 
5.5 
5.8 
6.0 


TABLE VI 
LAP WIDTH: 12-INCH DISTORTION CHART 
Target—Film Distance in Feet 


5 


nh Sm am a» bb 


bt be 


1.6 
1.8 
2.0 
2.2 
2.4 


2.6 
2.8 
3.0 
3.2 
3.4 
3.6 


3.8 
4.0 
4.2 
4.4 
4.6 
4.8 


5.0 
5.2 
5.4 
5.6 
5.8 
6.0 


2.2 
2.3 
2.5 
2.7 
2.8 
3.0 


3.2 
3.3 
3.5 
3.7 
3.8 
4.0 


4.2 
4.3 
4.5 
4.7 
4.8 
5.0 


5.2 
5.3 
5.5 
5.7 
5.8 
6.0 


7 


oN BR & me 


1.1 
1.3 
1.4 
1.6 
1.7 


1.9 
2.0 
2.1 
2.3 
2.4 
2.6 


2.7 
2.9 
3.0 
3.1 
3.3 
3.4 


3.6 
3.7 
3.9 
4.0 
4.1 
4.3 


4.4 
4.6 
4.7 
4.9 
5.0 
5.1 


OC nD mH mB tw MH 


1.0 
1.1 
1.3 
1.4 
1.5 


1.6 
1.8 
1.9 
2.0 
2.1 
2.3 


2.4 
2.5 
2.6 


2.8 


2.9 
3.0 


3.1 
3.3 
3.4 
3.5 
3.6 
3.8 


3.9 
4.0 
4.1 
4.3 
4.4 
4.5 


Norn wh 


1.0 
Ll 
1.2 
1.3 


1.4 
1.6 
1.7 
1.8 
1.9 
2.0 


2.1 
2.2 
2.3 
2.4 
2.6 
2.7 


2.8 
2.9 
3.0 
3.1 
3.2 
3.3 


3.4 
3.6 
3.7 
3.8 
3.9 
4.0 


10 


rnanprm DW NH eH. 


1.0 
1.1 
1.2 


1.3 
1.4 
1.5 
1.6 
1.7 
1.8 


1.9 
2.0 
2.1 
2.2 
2.3 
2.4 


2.5 
2.6 
2a 
2.8 
2.9 
3.0 


3.1 
3.2 
3.3 
3.4 
3.5 
3.6 


11 


nan mm w t 


MH 2S MANDA 


ps et 


1.3 
1.4 
1.6 
1.5 
1.6 


1.7 
1.8 
1.9 
2.0 
2.1 
2.2 


2.3 
2.4 
2.5 
2.5 
2.6 
2.7 


2.8 
2.9 
3.0 
3.1 
3.2 
3.3 


1.6 
La 
1.8 
1.8 
1.9 
2.0 


2.1 
2.2 
2.3 
2.3 
2.4 
2.5 


2.6 
2.7 
2.8 
2.8 
2.9 
3.0 
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Object Thickness in Inches 


ao a & &W NH 


a | 


10 
11 
12 


13 
14 
15 
16 
17 
18 


19 
20 
21 
22 
23 
24 


25 
26 
27 
28 
29 
30 


31 
32 
33 
34 
35 
36 


1.2 
2.3 
3.5 
4.7 
5.8 
7.0 


6 
1.2 
1.8 
2.3 
2.9 
3.5 


4.1 
4.7 
5.3 
5.8 
6.4 
7.0 


4 
8 
1.2 
1.6 
1.9 
2.3 


2.7 
3.1 
3.5 
3.9 
4.3 
4.7 


5.1 
5.4 
5.8 
6.2 
6.6 
7.0 


3 
6 


1.2 
1.5 
1.8 


2.0 
2.3 
2.6 
2.9 
3.2 
3.5 


3.8 
4.1 
4.4 
4.7 
5.0 
5.3 


5.5 
5.8 
6.1 
6.4 
6.7 
7.0 


TABLE VII 
LAP WIDTH: 14-INCH DISTORTION CHART 
Target—Film Distance in Feet 


5 


mw © AM bv 


— 


1.9 
2.1 
2.3 
2.6 
2.8 


3.0 
3.3 
3.5 
3.7 
4.0 
4.2 


4.4 
4.7 
4.9 
5.1 
5.4 
5.6 


5.8 
6.1 
6.3 
6.5 
6.8 
7.0 


2.9 
3.1 
3.3 
3.5 


3.7 
3.9 
4.1 
4.3 
4.5 
4.7 


4.9 
5.1 
5.3 
5.4 
5.6 
5.8 


6.0 
6.2 
6.4 
6.6 
6.8 
7.0 


2.2 
2.3 
2.5 
2.7 
2.8 
3.0 


3.2 
3.3 
3.5 
3.7 
3.8 
4.0 


4.2 
4.3 
4.5 
4.7 
4.8 
5.0 


5.2 
5.3 
5.5 
5.7 
5.8 
6.0 


© Um mw mM 


1.2 
1.3 
1.5 
1.6 
1.8 


1.9 
2.0 
2.2 
2.3 
2.5 
2.6 


2.8 
2.9 
3.1 
3.2 
3.4 
3.5 


3.6 
3.8 
3.9 
4.1 
4.2 
4.4 


4.5 
4.7 
4.8 
5.0 
5.1 
5.3 


0 &® om tw be 


1.0 
1.2 
1.3 
1.4 
1.6 


1.7 
1.8 
1.9 
2.1 
2.2 
2.3 


2.5 
2.6 
2.7 
2.9 
3.0 
3.1 


3.2 
3.4 
3.4 
3.6 
3.8 
3.9 


4.0 
4.1 
4.3 
4.4 
4.5 
4.7 


10 


YNounn ty 


1.1 
1.2 
1.3 
1.4 


1.5 
1.6 
1.8 
1.9 
2.0 
2.1 


2.2 
2.3 
2.9 
2.6 
2.7 
2.8 


2.9 
3.0 
3.2 
3.3 
3.4 
3.5 


3.6 
3.7 
3.9 
4.0 
4.1 
4.2 


11 


1.0 
1.1 
1.2 
1.3 


1.4 
1.5 
1.6 
1.7 
1.8 
1.9 


2.0 
2.1 
2.2 
2.3 
2.4 
2.5 


2.7 
2.8 
2.9 
3.0 
3.1 
3.2 


3.3 
3.4 
3.6 
3.6 
3.7 
3.8 


OD om t te 


12 


naam wo to & 


1.0 
1.1 
1.2 


1.3 
1.4 
1.5 
1.6 
1.7 
1.8 


1.8 
1.9 
2.0 
Zi 
2.2 
2.3 


2.4 
2.5 
2.6 
2.7 
2.8 
2.9 


3.0 
3.1 
3.2 
3.3 
3.4 
3.5 
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aun ., &© NY 


~J 


10 
11 
12 


13 
14 
15 
16 
17 
18 


19 
20 
21 
22 
23 
24 


Object Thickness in Inches 


25 
26 
27 
28 
29 
30 


31 
32 
33 
34 
35 
36 


68 


1.4 
2.8 
4.3 
5.7 
7.1 
8.5 


7 
1.4 
2.1 
2.8 
3.5 
4.3 


5.0 
5.7 
6.4 
7.1 
7.8 
8.5 


5 
9 
1.4 
1.9 
2.4 
2.8 


3.3 
3.8 
4.3 
4.7 
5.2 
5.7 


6.1 
6.6 
7.1 


7.6 


8.0 
8.5 


4 
7 
1.1 
1.4 
1.8 
2.1 


2.5 
2.8 
3.2 
3.5 
3.9 
4.3 


4.6 
5.0 
5.3 
5.7 
6.0 
6.4 


6.7 
7.1 
7.4 
7.8 
8.1 
8.5 


TABLE VIII 
LAP WIDTH: 17-INCH DISTORTION CHART 
Target—Film Distance in Feet 


5 
3 
6 
9 

1.1 
1.4 
1.7 


2.0 
2.3 
2.6 
2.8 
3.1 
3.4 


3.7 
4.0 
4.3 
4.6 
4.8 
5.1 


5.4 
5.7 
6.0 
6.2 
6.5 
6.8 


7.1 
7.4 
7.7 
7.9 
8.2 
8.5 





6 


m ds & A a bd 


pnd pk 


1.9 
2.1 
2.4 
2.6 
2.8 


3.2 
3.3 
3.5 
3.8 
4.0 
4.3 


4.5 
4.7 
5.0 
5.2 
5.4 
5.7 


5.9 
6.1 
6.4 
6.6 
6.8 
7.1 


7.3 
7.6 
7.8 
8.0 
8.3 
8.5 


7 


bh 5m D> & bv 


a 


1.6 
1.8 
2.0 
2.2 
2.4 


2.6 
2.8 
3.0 
3.2 
3.4 
3.6 


3.8 
4.0 
4.3 
4.5 
4.7 
4.9 


5.1 
5.3 
5.5 
5.7 
5.9 
6.1 


6.3 
6.5 
6.7 
6.9 
7.1 
7.3 


2.3 
2.5 
2.7 
2.8 
3.0 
3.2 


3.4 - 


3.5 
3.7 
3.9 
4.1 
4.3 


4.4 
4.6 
4.8 
5.0 
5.1 
5.3 


5.5 
5.7 
5.8 
6.0 
6.2 
6.4 


© DOr mM w bd 


1.3 
1.4 
1.6 
17 
1.9 


2.0 
2.2 
2.4 
2.5 
2.7 
2.8 


3.0 
3.1 
3.3 
3.5 
3.6 
3.8 


3.9 
4.1 
4.3 
4.4 
4.6 
4.7 


4.9 
5.0 
5.2 
5.4 
5.5 
5.7 
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oA mw 


1.1 
1.3 
1.4 
1.6 
1.7 


1.8 
2.0 
2.1 
2.3 
2.4 
2.6 


2.7 
2.8 
3.0 
3.1 
3.3 
3.4 


3.5 
3.7 
3.8 
4.0 
4.1 
4.3 


4.4 
4.5 
4.7 
4.8 
5.0 
5.1 
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CO fm oO mM om 


1.0 
1.2 
1.3 
1.4 
1.5 


1.7 
1.8 
1.9 
2.1 
2.2 
2.3 


2.4 
2.6 
2.7 
2.8 
3.0 
3.1 


3.2 
3.3 
3.5 
3.6 
3.7 
3.9 


4.0 
4.1 
4.3 
4.4 
4.5 
4.6 
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Yann wt 


1.1 
1.2 
1.3 
1.4 


1.5 
1.7 
1.8 
1.9 
2.0 
2.1 


2.2 
2.4 
2.5 
2.6 
2.7 
2.8 


3.0 
3.1 
3.2 
3.3 
3.4 
3.5 


3.7 
3.8 
3.9 
4.0 
4.1 
4.3 





Radiographic Factors and Techniques 


TABLE IX 
CALCULATED BEAM DIAMETERS 


Target-Film Cone Insert Numbers 


Distance #1 #2 #3 No Insert 
1 1.6 2.4 4.3 6.2 
2 3.2 4.8 8.6 12.4 
3 4.8 7.2 12.9 18.6 
4 6.4 9.6 17.2 24.8 
5 8.0 12.0 21.6 31. 
6 9.6 14.4 25.9 37.2 
7 11.2 16.8 30.2 43.4 
8 12.8 19.2 34.5 49.6 
9 14.4 21.6 38.8 55.8 

10 16.0 24.0 43.2 62. 
11 17.6 26.4 47.5 68.2 
12 19.2 28.8 51.8 78.6 


12’ 6” 20.6 30.4 54.7 78.6 





Exposure Factors and Techniques—Low 
Voltage 


Conversion Tables for Film and Screen Speeds 


Frequently it is helpful to know the relative 
exposure factors for different films and screens. 
One single chart cannot be made because of the 
effect of different kilovoltages on screens, the 
changing speed factors of film at different den- 
sities, and the changing of the quality of the 
radiation due to filtration of different object 
densities. 

Following is a table showing the average ex- 
posure factors at 400 KV, density of 1.5 Stand- 
ard Development based on “A” film in lead 
screens. 


TABLE X 
Type Film Screens Exposure Factor 
oR? #245 0.60 
Ansco “HS” #245 0.65 
“K” Pb 25. 
oh” Pb 60. 
Ansco “HS” Pb 65. 
Au Pb 100. 
Super Ray “A” Pb 140. 
Super Ray “B” Pb 150. 
“M” Pb 300. 





The above factors in lead screens should be 
tripled when using plain holders with an object 
thickness of 1” of steel at 400 KV. At 150 KV, 
the above factors are correct except for the 
#245 screens which should be halved. At 150 
KV when using plain holders with an object 


thickness of 14” of steel, the factor is the same 
asfor Pbscreens. At 2000 KV and with gamma 
radiation the factors with 4245 screens should 
be doubled. =. 


Actual Setup—Low Voltage 

The procedure varies somewhat in the use 
of the different machines. Some radiographs 
are made with the plane of the film in a vertical 
position and the machine “shooting” horizon- 
tally. Others are made with the film in a hori- 
zontal position and the machine “shooting” 
down vertically. In either case the line of ra- 
diation should strike the center of the film 
perpendicular to the plane of the film. 





® ‘FIGURE 91 


The center of the film is determined by use 
of a plumb bob when the tube is over the film. 
In the case of the 400 KV G.E. unit when 
“shooting” horizontally, the centering is done 
by sighting along lines painted on the sides and 
top of the cone. Photographs are included to 
show the usual setup. The plane of the film can 
be made perpendicular to the line of radiation 
in case of a horizontal beam by sighting along 
@ carpenter’s square placed at the center of the 
film. 

The film holder should be backed up by sheet 
lead of at least %s inch thickness to absorb the 
back scatter from walls, floors, etc. This is 
especially important when radiographing 
thicker sections and when using calcium tung- 
state screens. The back scatter is evidenced by 
white streaks on the film under the cassette 
back straps. 

If small enough, the object should be centered 
on the film. The centering is usually done by 
blocking up the object. 

If the object is too long to get: on one film it 
will have to be sectionalized. The usual sys- 
tem is to number the sections consecutively 
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sorb the angular scatter but allows the parallel 
direct radiation to pass through the spaces in 
the grids. In order to prevent grid lines show- 
ing in the film, the grid is usually oscillated or 
otherwise moved during exposure. 

f. Frequently there is considerable back 
scattered radiation from walls, floors and other 
objects. This back scatter is quite evident 
when radiographing heavy sections with cal- 
cium tungstate screens and causes the film to be 
darkened except for those areas under the back 
straps. The usual way of preventing this is 


to back the cassette or film holder with a sheet 
of lead. With low voltage machines, a %e inch 
sheet of lead has been found sufficient for this 


purpose. 

One other way of preventing “scatter” from 
reaching the film is through the use of cones at 
the source of radiation. These limit the size of 
the field of radiation to the area of the film. 
Actually a greater benefit can be obtained from 
the use of a cone if it limits the field of radia- 
tion to the object area. 


Chapter 10 
RADIUM 


Discovery and History 

In 1896 it was discovered that uranium salts 
emitted radiation capable of penetrating large 
thicknesses and affecting sensitive photo- 
graphic emulsions. It was also found that the 
radiation from uranium salts did not exactly 
follow in proportion to the amount of the ma- 
terial, and upon further investigation, espe- 
cially by the Curies, radium and other radio- 
active substances were discovered. 

These radioactive elements are extracted 
from pitch-blende ore, which is found in vari- 
ous places but at present is obtained mainly 
from Canada, where rich deposits have been 
located. 


Theory of Gamma Ray Production 


Radioactive substances are characterized by 
the spontaneous emission of particles and radia- 
tion upon nuclear disintegration of the sub- 
stances. 

The emitted particles are known as alpha- 
and beta-particles or rays. The radiation is 
known as gamma-rays. The alpha-particles are 
positively charged and have been identified as 
the nuclei of helium atoms, each having twice 
the charge of a proton and a mass number of 
four. Alpha rays are absorbed in a few centi- 
meters of air. 

The negatively charged beta-particles emit- 
ted by radioactive substances have been identi- 
fied as electrons, each having a mass depending 
on its speed and having one unit of negative 
charge. It has been found that beta-particles 
are of two types: (1) electrons emitted from 
the nucleus and (2) electrons ejected from the 
electronic energy levels of the atom by the 
gamma rays; these are known as conversion 
electrons. Beta-particles are absorbed by a 
few centimeters of aluminum. 

Gamma rays are not emitted by all radio- 
active substances but their emission is always 
accompanied by the emission of alpha- or beta- 
particles. It is not understood exactly how 


gamma rays are emitted. It is assumed and 
borne out partially by experiment that those 
atoms which emit high energy alpha- or beta- 
particles have a stable nucleus and do not emit 
gamma radiation, while the nuclei of those 
atoms which lose a lower energy particle emit 
gamma radiation with an energy equal to the 
difference in energies of the high and lower 
energy alpha- or beta-particles. 

When emitted gamma rays eject conversion 
electrons from their energy levels, there will be 
an emission of characteristic radiation upon the 
replacement of the electrons. This effect ac- 
counts for the softer radiation given off by any 
radioactive source. 

Gamma ray wave lengths vary from .233 
Angstrém (53.7 electron KV) to .00561 Ang- 
strom (2,240 electron KV). The effective wave 
length is in the neighborhood of .012 Angstrém 
(1030 electron KV) or roughly the same as that 
produced by a 1350 KV x-ray machine. 

Gamma ray out-put of radium in roentgens 

mg < hr. xX 8 
OV (dist. in cm.)? 

The radiation from one gram of radium is 
said to be one “‘curie” but is usually expressed 
in millicuries. 


Table of Disintegration and Half Life 


The total life of radioactive substances is 
not easily measured. The usual method of ex- 
pressing the lives of these substances is the 
half life value, this is the length of time required 
for the substance to lose half of its activity. 


Gammagraphy 

The radium source used by the Ordnance 
Investigation Laboratory is 2000 milligrams 
per unit. The radium is soldered in four 500- 
milligram silver capsules. The four capsules 
are stacked, one behind the other; all four are 
enclosed in a split sleeve which is inserted in a 
hollow aluminum cone. The cone is backed up 
by a 38-inch long cylinder of lead and both are 
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secured in a brass sleeve. This cylinder con- 
taining the radium is used for the radiography 
and is placed in an adjustable trough which 
can be secured to an ordinary photographic 
tripod or a rod driven into the ground. When 
not in use the cylinder is placed in a 3-inch 
lead lined brass pot for storage and transpor- 
tation. 

The portable radium unit is composed of the 
radium pot, weighing about 100 pounds, and 
two boxes each 48” by 18” by 18”, containing 


film, chemicals, developing trays, dark room 
tent, and other necessary articles. The whole 
unit weighs about 400 pounds. 


In making the actual exposure set-up it should 
be remembered that the plane of the film must 
be centered with and perpendicular to the beam 
of radiation. The film, radium cylinder holder, 
and filter if used, should all be set up first, and 
the radium last to avoid exposure to operating 
personnel. 


TABLE XI 
RADIOACTIVE MATERIALS USEFUL FOR INDUSTRIAL RADIOGRAPHY 
(Those available in commercial quantities have been underscored) 








Atomic 
Symbol Name Number Weight 
Ra Radium ........ snee 88 225.97 
Rn Radon ............. 86 (222) 
RaA RadiumA .......... 84 (218) 
RaB RadiumB .......... 82 (214) 
RaC RadiumC .......... 83 (214) 
RaC’ RadiumC’.......... 84 (214) 
RaD RadiumD.......... 82 (210) 
RaE RadiumE......... 83 (210) 
RaF RadiumF .......... 84 (210) 
RaG RadiumG.......... 82 206.05 


Determination of Exposure 


Exposure time may be determined by one of 
several methods: (1) by reference to charts, 
(2) by use of a slide rule, or (3) by calcula- 
tion of half-value layers. 


_ 1. The use of charts is quite simple, since the 
objects to be radiographed consists chiefly of 
explosive, aluminum, and steel. There would 
have to be either three curves for these dif- 
ferent materials or one for steel and a conver- 
sion chart for the other materials. 


To use the exposure chart (a) read the thick- 
ness on the bottom line, (b) move vertically 
to the diagonal line representing the radium 
film distance, and (c) read the exposure time 
at the left. 

To use the conversion chart (a) read the 
thickness of the material at the left, (b) move 
horizontally to the diagonal for the material at 
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Radiation Half Period, T 


Remarks 


a 1580 years Gamma-rays due to products 
Ra B, Ra C, Ra D, and 
Ra E 
a 3.8 days The same. Can be pumped 
off from radium solutions 
a 3.05 min. 
8 and + 26.8 min. Principal source of useful 
8 and + 19.7 min. gamma-rays 
a About 10- sec. 
Bandy About 16.5 years 
B and y 5 days 
a 136 days 
Stable ................ Known as “uranium lead’”’ 


that value, and (c) read the equivalent thick- 
ness of steel at the bottom. 

2. In using the slide rule, (a) set the dis- 
tance in feet on the slide to the total number 
of half-value layers, and (b) read the exposure 
time in minutes on the scale opposite the arrow 
on the slide corresponding to the film and screen 
combination used. 

3. The method of determining exposure by 
calculation of half-value layers is a rough 
method that eliminates reference to charts. 

One half-value layer is the thickness of a 
given material required to reduce the intensity 
of a beam of gamma-ray radiation by one-half. 
With radium, the half-value layer for steel is 
0.9 inch. This means that 0.9 inch of steel will 
reduce the intensity of the radiation to one-half 
of its original intensity. In terms of film den- 
sity twice the time of exposure is required to 
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Underwater Gammagraphy 


A radium source may be used for radiograph- 
ing objects underwater. At the Navy labora- 
tory it has been found that the usual radiograph 
set-up is not satisfactory for underwater work 
because of the absorption and scatter in the 
water between the source and film. A weighted, 
airtight cone was made which has an inbuilt 
pocket at the apex to receive the radium cylin- 
der. The cone is large enough at the base to 
cover a 14” x 17” film. In making the actual 
set-up the film and cassette are placed in a 
water-proof rubber bag which is secured on one 
side of the object. The cone is butted against 
the object on the other side and the radium 
placed in its pocket. The cone is 36 inches 
long so the film-to-source distance is longer 
than this by the thickness of the object. It has 
been found that there is some scatter from the 
sides of the cone when it is used and for best 
results a 14 inch lead sheet should be placed 
in front of the cassette. In case no cone is 
available a radiograph can still be made but 
the absorption of the water will have to be 
added to the absorption of the object in calcu- 
lating the exposure. It will also be necessary 
to use a 1% inch lead sheet in front of the cas- 
sette, to absorb the large amount of scattered 
radiation from the water. 


Filtration and Scattering 


It has been found that scatter is quite objec- 
tionable when radiographing denser objects 
and is especially bad under the conditions in 
which the portable radium unit is ordinarily 
employed. The exposures are usually made of 
heavy objects which quite frequently are in pits 
or lying on the ground. In both cases there is 
considerable scatter from the ground and in the 
case of the exposure in the pit there is con- 
siderable scatter from the sides which tends 
to cause under-cutting on the film. 

For best results under these conditions, a 14 
inch lead plate should be placed immediately in 
back of the cassette to absorb the back scatter 
and another 1% inch lead sheet directly in front 
of the cassette to absorb the scatter from the 
object and that scatter from the ground or sides 
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of the pit which tends to undercut the object. 
These 1% inch lead filters may be combined by 
making a box of 14 inch sheet lead leaving one 
side open to slide the cassette in. When using 
the 1% inch sheet in front of the film the expos- 
ure time will have to be doubled in order to 
obtain the proper density on the film. The rea- 
son for this is that the lead absorbs most of the 
scattered radiation while all of the exposure 
data was figured with scatter. 

In cases where there is a large amount of 
scattered radiation from the ground or walls 
of the pit and where the exposure time has to 
be short as possible, the front lead may be 
eliminated, if a lead cone is placed around the 
radium in such a manner as to cut down the 
field of radiation so that it just covers all of 
the film. By using the cone the scatter from 
the object is still present. Consequently the 
results are not quite as good as those obtained 
by using the 1% inch lead front sheet but the 
exposure time is halved. 

The following is a graph showing the field 
of radiation from the radium cylinder, and the 
safe working distances for 4 hours in order 
to stay within the allowable dose: 


FRONT 


FicurRE 100. Field of radiation from 2 gram radium 
cylinder front. Distances given are safe working 
distances in feet for 4 hours 





Protection 


The allowable or tolerance daily dosage of 
X-ray or gamma ray is 0.1 roentgen unit per 
day. This dosage is reached in 3200 millicurie 


Radium 


hours with radium at a distance of 15 feet, 
which would be reached in 1.6 hour with the 
2000 milligram source. The allowable dosage 
at any other distance may be obtained from 
the inverse square law. 
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Chapter I! 


CHARACTERISTICS OF THE FINISHED RADIOGRAPH 


Cleanliness 


As much as eight hours’ work of two skilled 
men using expensive equipment can be lost by 
a moment’s carelessness in handling the final 
product, the exposed film. If it is splashed 
even by clean water, if it is not thoroughly 
washed, or if any one of a hundred mishaps 
occur, it is worthless. It is sometimes believed 
that once the radiograph is dried it will with- 
stand any treatment. Obviously, this is not so. 
Moisture in any form, especially on fingers, 
and dust must be avoided. Films, once dried, 
should never be out of their preservers for more 
than a few minutes at a time. In a few hours 
enough dust may collect on an unprotected film 
to abrade the emulsion seriously. Films should 
be grasped by the edges and handled generally 
as a very expensive and fragile product. Most 
blemishes can be avoided simply by care and 
cleanliness. 


Density 


The information is recorded on the film by 
varying concentrations of deposited silver 
measured in terms of density. Densities less 
than one are relatively non-informative; this is 
due to the inherent density of the emulsion base, 
base fog, and to the fact that at the toe of the 
sensitometric curve, density is not uniformly 
proportional to the log of the exposure. 

Densities above three cannot be easily viewed 
on ordinary illuminators because they do not 
provide enough light intensity. Only one thou- 
sandth of the light available is transmitted 
through a film of a density of three. Even-with 
high intensity viewers, not much over a density 
of four can be seen. 

Therefore, in general, a radiograph should 
possess a density range of one to three. This 
is not always practical or possible. 


Radiographic Contrast and Latitude 
In Chapter 4 on film, contrast and latitude 
are discussed as inherent characteristics of 
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a type film. Radiographic contrast and latitude, 
however, are a function of these qualities plus 
kilovoltage, object thickness and absorption, 
and processing. Since these two film qualities 
act as reciprocals, they are discussed together. 


Developers 


Radiographic contrast (and latitude) is af- 
fected somewhat by the type of developer used. 
A sample radiograph of a steel wedge exposed 
at 400 KV on A film was cut into strips and 
developed in seven different developers, three 
common x-ray developers, and four common 
photographic developers. The development 
time was that recommended by the manufac- 
turer in each case except that D-72 was de- 
veloped by inspection. These results are 
plotted in Figure 101. In order of contrast 
over the whole range of thickness, the develop- 
ers are: 


TABLE XIV 
DEVELOPER TIME TEMPERATURE 
1. Supermix 5 minutes 68°F. 
2. Kodalk 5 minutes 68°F. 
3. Standard 7 minutes 68°F. 
. 4. D-72 24 minutes 68°F. 
5. DK-50 8 minutes 68°F. 
6. D-76 16 minutes 68°F. 
7. DK-20S 5 minutes 68°F. 


Over a range of densities between 3.0 and 1.0, 
the useful range, the order of contrast is 
changed somewhat. An attempt to assign 
relative contrasts to the developers is made by 
dividing the density difference by the thickness 
difference over this range. 


TABLE XV 
DEVELOPERS RELATIVE CONTRAST 
1. Supermix 33 
2. D-72 30 
3. Kodalk 28 
4. Standard 27 
5. D-76 22 
6. DK-50 21 
7. DK-20S 11 
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| Characteristics of the Finished Radiograph 


zontal locating pin projecting from the upper 
right side. This is a steel pin set in the alu- 
minum case. The pin is of 2 apparent thick- 
nesses, the outer part is undercut; the inner 
part is the true diameter, its scatter having been 
absorbed in the case. The juncture of the outer 
and inner parts indicates the true outer limit 


of the fuze flange showing that the amount of 
undercut on the fuze flange itself is consider- 
able. 

This action is greatly assisted by the nature 
of the emulsion of the film; when a limited area 
of film is subjected to intense exposure the 
blackening will “grow” into the unexposed 
areas. 


91 


Chapter 12 
VIEWING, STEREOSOCOPY, AND REPRODUCTION 


Viewing 
Construction of Illuminators—Fluorescent 


The common viewer consists of a metal box 
in which are mounted two 15 watt fluorescent 
tubes with white reflectors; one side of the box 
is covered with a sheet of flashed opal glass. 

The highest density which may be viewed on 
this type viewer is 3.0. 

The great advantage of this viewer is the 
small amount of heat generated by the tubes. 
Films lie flat on the glass and do not buckle 
with the heat unless the illuminator has been 
on for a long period. 


Incandescent 


A less common type employs a 150 to 250 
watt mazda lamp behind the flashed opal glass. 
Using a 200 to 250 lamp this viewer is com- 
parable in light intensity to the two 15 watt 
tube fluorescent type. The emission of heat 
and non-uniform area of illumination are dis- 
advantages. 


High Intensity Illumination 


The General Electric High Intensity Viewer 
is exactly the same as the common fluorescent 
viewer except that instead of two there are 
eleven fluorescent tubes. It is an excellent 
viewer but extends visibility only up to a 
density of approximately 4.0. 


The Kelly Koett High Intensity Viewer is an 
incandescent type employing two +1 Photo 
Flood lamps, a heat absorbing glass filter, two 
cooling fans and a variac to obtain a range of 
illumination for viewing densities up to 4.0. 
It is also provided with a separate 3 inch square 
high intensity spot incorporating a water filter 
for viewing small areas of a film. 

The Picker High Intensity Illuminator is also 
the incandescent type; it has a 10 x 10 viewing 
area, employs a #1 Photo Flood, an infra-red 
filter, a cooling fan and a variac. It is useful 
in a density range up to 4.5 but most useful in 
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the low density range to pick up small density 
differences. 


TABLE XVI 
OUTPUT 


Type of Illuminator Relative Maximum 
Intensity Density 


1. Spot Viewer on KK Hi lIntensity 210 5.0 


2. Picker Hi Intensity 20 -— 72* 4.5 
3. KK Hi Intensity, Main Viewing 

Area 20 — 32* 4.2 
4. GE Hi Intensity 22 4.0 
5. Large (37 x 52) Viewer 11 3.7 
6. Long (17 x 42) Viewer 5 3.4 
7. GE Common Viewer 5 3.4 | 
8. KK Common Viewer 4 3.3 
9. Wheatstone Viewer 1 — 33* 3.2 


* Incandescent Viewers have non-uniform field of 
brightness 


The amount of illumination in foot candles 
per 1.1 square inch at the viewing surface may 
be estimated by multiplying the relative inten- 
sity by 50. 

One foot candle equals 1 lumen per square 
foot, equals 1.076 millilamberts; .01 millilam- 
berts should be visible to a normal eye without 
dark adaptation; however the density difference 
visible at this low lovel of illumination is only 
.04. For accurate film reading the light trans- 
mitted through the densest area on the film 
should be at least .1 millilamberts. 


Viewing Glass 

The function of the glass on the viewer is to 
diffuse the light so that the field of illumination 
is uniform. Different grades of glass show 
different percentages of absorption. 


Glass Percent Transmission 
Imported Belgian flashed white.......... 80 
Replacement GE flashed white........... 80 
Local Commercial flashed white.......... 60 
Commercial Ground Glass............... 90 


Ground glass does not provide enough diffu- 
sion to give a uniform field. 


Viewing, Stereoscopy, and Reproduction 


Color of Viewing Light 

The most generally used fluorescent light 
colors are white and daylight. White is prefer- 
able as the film base usually carries a blue tint 
anyway. 

The most restful color for the eye is green. 
However, its use is not customary even though 
the efficiency of light production is almost 
doubled for a green tube. 


15 Watt 18 inch Mazda F Lumen Output 


WHILE oti he de on ea teed 585 
Daylight ........................ 510 
BUG seerenecai anced don osssend aR Bevel et 315 
Gree 5255 te Oh he eee BY 900 


Human Element 


It is impossible to view a radiograph satis- 
factorily in bright light. The light reflected 
from the surface obscures the image on the 
radiograph. The eye is accommodated for good 
vision at the brightness level of the room, not 
at the low light intensities of 1/100 to 1/10,000 
of the viewer output which is the brightness 
level of the radiograph. Therefore when at all 
possible the viewing room should be in dark- 
ness or semi-darkness. 

Direct light, even though partially absorbed 
by the film, is quite fatiguing to the eyes. When 
viewing continuously for several hours, avoid 
glare and relax eyes by looking about and 
changing eye focus. Eye strain from viewing 
is common. 


Measurements 


Knowing the target film distance, the object 
film distance and the object thickness, it is pos- 
sible to make accurate measurements directly 
from the film. For approximate measurements 
the goemetrical corrections may be omitted for 
they are usually very small. 

The outer sides of cylindrical objects fre- 
quently burn out so that the outline of the outer 
diameter cannot be distinguished. When using 
A and M film particularly this outline may 
readily and accurately be determined by re- 
flected light. 


Stereoscopy 


A well made radiograph of a symmetrical 
object gives the impression of a flat section or 
plane cut through the center. Occasionally it 
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is useful to see the interrelation of parts in 
space. An excellent means of depth perception 
is the stereoscopic viewing of two similar but 
not identical radiographs of the same object. 


The perception of depth in normal vision is 
possible because two images of the same object 
are simultaneously received and effectively 
superimposed by the brain; the images are 
identical except for the difference in vantage 
points, the separation between the two eyes. 
Depth perception is assisted by the eyes’ mus- 
cular performance—that is, it is normally im- 
possible for the left eye to be focused on one 
point and the right eye on another point nearer 
or farther from the observer at the same time. 


In making stereoscopic radiographs the same 
principles are utilized. Two separate radio- 
graphs of the same object are made alike in all 
particulars expect that the effective vantage 
points (or points of x-ray source) are shifted 
by asmall amount. The entire illusion of depth 
must be obtained by this device as the degree 
of sharpness (or quality of being in or out of 
focus) over the depth of the radiographic image 
cannot be altered while viewing. Therefore a 
maximum definition is sought over the entire 
area of the image. 

The illusion of depth is created by viewing in 
a stereoscope, which is a device consisting of 
illuminators, lenses and/or mirrors which allow 
only one radiograph to be seen by each eye. If 
the films have been properly made, the observer 
should be able to superimpose the images and 
obtain an illusion of depth. 

In Figure 116, #1 indicates the perception 
of depth in normal] vision from points A and B 
representing the eyes; A and B may also repre- 
sent the successive positions of the x-ray source 
for making two separate radiographs to be 
viewed on a stereoscope. The distance between 
A and B is called “tube shift” or “transfer.” 

If the source of the x-ray is fixed, the same 
result may be obtained by moving the object 
between successive exposures a distance OO’ 
called “object shift” or “transfer”; this dis- 
tance is the same as AB mentioned above. If 
no transfer is practical the object may be ro- 
tated. Whatever movement is made must be 
made in one plane only. 

The amount of shift depends upon the target 
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FIGURE 116 


4x 4 Film Size 
ta” Displacement 


Object 


1%” 
aie 
1-%” 
ee 
2-%" 
a 
3-%4" 


Tube 

Shift 

17-3” 
8-13” 
5-43” 
4-15” 
3-15” 
2-13” 
2-16" 
2-75" 
1-{8” 
1-%” 





Object 


Thickness 


yn 
1" 
1-%4” 
5 
2-14" 
an 
3-14" 
4” 
4-%” 
5" 
5-14” 
6" 


film distance, the object thickness, and the 
maximum image displacement which the eyes 
can accommodate. 

If two stereo-radiographs are placed upon 
a viewer and the detail on the distant side of 
the images superimposed, the detail on the near 
side of the images will lack perfect super-posi- 
tion by a distance called image displacement. 
It has been determined by trial and error that 
the maximum image displacement which can be 
comfortably accommodated by the eyes on 14 
in. Xx 17 in. stereoscopic pairs is 3% inch. It 
has also been found that when the film size 
(and object size) is reduced, the image displace- 
ment must be reduced in direct proportion to 
the film size. 

The accompanying table gives the tube shift 
for different film sizes, displacements, and ob- 
ject thicknesses at twelve feet. Almost all 
stereos are made at this distance for optimum 
definition. 

For many objects, especially cylindrical ob- 
jects, it is well to place the long axis at 30° to 
45° to the film in order to exploit the possibili- 
ties of depth perception. This effective in- 
crease in object thickness must be included in 
total object thickness in calculating transfer. 





TABLE XVII 
TUBE SHIFT CHART FOR STEREOS 
12-FT. FOCAL FILM DISTANCE 


6 x 8 Film Size 
1%” Displacement 


Tube 
Shift 


35-7” 

17-%" 

11-%” 
8-7" 
7-4" 
5-%" 
5” 
4-%” 
3-7" 
3-14" 
3-44" 


2. 1% ” 


10 x 12 Film Size 
a” Displacement 


14 x 17 Film Size 
3%” Displacement 


Object Tube Object Tube 
Thickness Shift Thickness Shift 
1” 26-43” 4” 13-%” 
2” 13-16” 5” 10-13” 
3” 8-13” 6” 8-56” 
4” 6-15” 7” 7-6” 
5” 5-15” 8” 6-54” 
6” 4-¥6" 9” 5-56” 
q” 3-14” 10” 5” 
8” 3-15” 11” 4-10" 
9” 2-13” 12” 4-\%” 
10” 2-%” 13” 3-16” 
11” 2-14" 14” 3-14” 
12” 2-15” 15” 3-%” 
16” 3” 
17” 2-13” 
18” 2-5” 


Viewing, Stereoscopy, and Reproduction 


In order to preserve the correct orientation, 
the exposure should be labeled by “left”? and 
“right,” and when viewing, the respective eyes 
must receive these images. When using a 
Wheatstone viewer with a single mirror, the 
radiograph must be reversed; that is, the film 
number and the letters “L” and “R’” on the film 
when viewed in the eye piece should read cor- 
rectly. 


The Fairchild and Ryker stereoscopes are 
made with front surface mirrors (rhodium 
coated glass). Great care must be exercised 
to avoid finger prints and dust. When neces- 
sary, dust the surfaces with a camel’s hair 
brush, lens tissue, or clean chamois. 


There have been many devices proposed for 
depth measurement on streoscopes. In general, 
however, it has been found that 0° and 90° 
radiographs offer the best method for internal 
measurements. The great advantage of stereos- 
copy lies in the fact that the general internal 
relationships of an object may be studied. 


Vectographs 


By the Vectograph process, a pair of stereo- 
radiographs may be reproduced reduced in size, 
and the prints so processed that depth percep- 
tion is obtained by means of polarized light. 

The Kodak Wash-off-relief process is em- 
ployed to produce the left and right view from 
the reproduction negatives. Both images are 
dyed the same color, and mounted on trans- 
parent sheets of opposite light polarity. The 
images are then superimposed but with the 
right image skewed about 1% inch to the right. 
When viewed through polarized lenses, each 
eye sees only one image and the effect of depth 
may be obtained. Vectographs may be made 
as prints (using an aluminum paint reflector 
base), transparencies and slides. 

Aside from processing difficulties, the chief 
disadvantage is the short range of density ob- 
tainable from the dyed image. 


Reproduction 
Methods 


Very often it becomes necessary to reproduce 
the radiographic image. If only one or two 
extra copies are needed, the exposure holders 
may be “double loaded,” that is, two sheets of 


film inserted with an additional .005 inch lead 
foil between them, or two holders may be used 
one beneath or in back of the first. With 
gamma and 2 M.E.V. radiation there is very 
little loss of density between the first and last 
film. 


It is also possible to reproduce a radiograph 
by contact printing it with EK Type F over a 
fluorescent viewer for about 5 minutes (de- 
pending on the original density). The ensuing 
reversal produces a fair copy though with in- 
creased contrast and graininess. 


Both Agfa Ansco and Eastman Kodak manu- 
facture a film somewhat similar to Type F in 
that the principle of reversal is used. However, 
it is pre-exposed to the point of reversal by the 
manufacturer. 


Usually, however, print reproductions are 
desired. It is often quite satisfactory and even 
more practical to use the radiograph as a photo- 
graphic negative and print directly from it. 
This method is fast and gives higher fidelity 
over short density ranges. These prints are 
sometimes called positives. 

The standard method for obtaining repro- 
ductions consists in photographing the radio- 
graph and printing from the intermediate 
negative. 

The major problem in copying radiographs 
is the faithful reproduction of the density range 
of the original. This usually means compress- 
ing a density range of 2 into a density range 
of 1, because a double emulsion x-ray film has 
a far greater density range than photographic 
film. This control of contrast in reproduction 
is quite difficult unless the density range of the 
original is small. 


Copying the Radiograph 


The radiograph is fastened in the normal 
viewing position to a high intensity viewer 
having a uniform field of illumination (12 fluor- 
escent tubes) and masked so that no light is 
allowed to escape except through the film. A 
sheet of plate glass is then placed over the film 
to hold it perfectly flat. Light reflected from 
the surface of the film is eleminated by exting- 
uishing all other lights in the room. 

For this work at the Ordnance Investigation 
Laboratory an f 9.5 Apochromatic lens with a 
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focal length of 1614 inches is used wide open. 
The movement of the camera and bellows is 
standard. 

Most reproductions are made on 8 x 10 film. 
The following films have been used with some 
success: 

1. Eastman Kodak Commercial Ortho—for 
flat films. 

2. Eastman Kodak Super Speed Ortho Por- 
trait—for contrast films. 

3. Agfa Ansco Commercial Ortho—for flat 
films. 

4. Agfa Ansco Super Sensitive Ortho—for 
contrast films. 

An elon-hydroquinone developer, DK 50 is 
used full strength ; development is by inspection 
for contrast control from 3 to 12 minutes at 
68°F. It is desirable to obtain a maximum 
density of 1.0 and a gamma of .8. (Radio- 
graphic film often attains a maximum density 
of 4.0 and a gamma of 5). 

No stop bath is used; the film is fixed in EK 
5A acid fixer and washed 30 minutes before 
drying. 

The exposure time is calculated from the 
film speed, corrected for fluorescent light (fac- 
tor of 2 over tungsten) and the reading of the 
exposure meter held at 1 foot from the lightest 
portion of the area to be emphasized. For 
copying this value is further corrected. 

E = corrected exposure 

V? E, = indicated exposure 

B= EX f? V = lens to plate distance 
f = lens focal length 

If some of the denser portions of the radio- 
graph must be brought out, the proportion of 
dodging (shadowing one part in preference to 
another with the hand or piece of cardboard) 
is calculated by making an exposure meter 
reading over the denser area. 

In order to obtain the final reproduction, the 
intermediate negative is printed on Azo paper 
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using a range of contrast of #0 to #5 at the 
discretion of the printer. The print is devel- 
oped until the image is black. If the previous 
steps have been correct, the image will be of 
the proper density. Occasionally dodging is 
necessary here, too. Lens paper may be placed 
on a glass shelf 4 inches from the negative to 
absorb part of the light. At the O.I.L., an 
Eastman Kodak Model 12 contact printer with 
a 1000 watt source is used; the average printing 
exposure 1s 3 seconds. 

Prints are developed about 75 seconds by 
inspection in D-72 diluted 2 to 1. A stop bath 
of 114 oz. of 28% acetic acid per 32 oz. of water 
is used; all the prints of a batch of 10 to 30 are 
collected here and transferred to a fixing bath 
F5a, together, where they remain for 20 to 30 
minutes. The prints are washed for 1 hour in 
a mechanically agitated washer and ferrotyped 
and dried on a Pako automatic drier. 

The great problem in reproduction is to com- 
press the great density range of the radiograph 
to the small density range of the print. Dodg- 
ing has been mentioned in the description as a 
method, but it is uncertain, inaccurate, and 
tedious. 

A very satisfactory method has been de- 
veloped by J. B. White of the Iowa Ordnance 
Plant. A film positive is printed from an in- 
termediate negative through a screen (a trans- 
parent film on which are printed black cs” 
diameter circular dots the relative areas of clear 
and opaque film being equal) so that a faint 
image of the dots will just appear through the 
densest portion. This speckled positive is then 
placed upon a printing frame, a piece of opal 
glass placed above it and between the same 
intermediate negative which is registered on 
top. Prints are now made normally. The main 
objection to this process is the additional work 
of making the mask. 
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INTERPRETATION OF THE RADIOGRAPH 


The most important single idea to remember 
when reading films is that darker areas repre- 
sent less x-ray absorption and lighter areas 
represent more x-ray absorption, or, the object 
is thinner where the film is darker. It may seem 
unnecessary to emphasize a point so obvious. 
However, when reading films complicated by 
overlapping parts, it can be a very helpful aid 
even to an experienced reader. 


The first question to be decided after making 


a radiograph is—does it fulfill its purpose? 
Several entirely different radiographs of the 
same object may be made for different pur- 
poses. 

1. One thickness or density area may be ex- 
amined for maximum sensitivity to the exclu- 
sion of the rest of the object. 

2. An overall general assembly view of the 
object may be desired without regard to sensi- 
tivity. 

3. Rigid limits of acceptance on contrast and 
sensitivity may be set up either for a quality 
control program or for such films as are to be 
reproduced photographically. 


Uses of Radiographs 


Some of the common uses to which radiog- 
raphy has been put are: 

1. Inspection of a known or unknown item 
for details of construction, correct assembly, 
contents, or condition of safety. 

2. Inspection of a known item for internal 
changes due to externally applied changes such 
as tension, compression, torsion, heat or cold. 

3. Inspection of material for internal homo- 
geneity. 

4. Thickness determination. 

a. By the use of: film for recording the dif- 
ferential absorption of x-rays. A standard 
wedge must be exposed and developed 
simultaneously for each thickness meas- 
urement. A more accurate means of re- 
cording transmitted x-ray intensity is the 
Geiger-Muller Counter. 


b. By triangulation. A pair of stereoscopic 
films or a single double exposed film, with 
a tube shift between exposures may be 
made, employing front and back markers 
on the object. By triangulation knowing 
the target-film distance, the tube shift and 
the front marker shift (measured on the 
film) the object thickness may be found. 


Standards 


In large scale inspections of any kind, in order 
to obtain reasonable uniformity, standards of | 
acceptance and rejection must be set up. Each 
organization employing radiographic inspec- 
tion sets up its standards in accordance with 
its needs. 

The Bureau of Ordnance will accept only 
rocket propellant powder which has been radio- 
graphically examined under conditions which 
will produce a sensitivity of 1% or better and 
found to be flawless. No grains containing fis- 
sures or inclusions visible on the ragiograph 
are acceptable. 

The U. S. Army Office of the Chief of Ord- 
nance has authorized the standards summarized 
on the following page for the x-ray inspection 
of 240-mm. shells, TNT loaded. Standards 
are also set up for 75-mm., 105-mm., 155-mm. 
and 8-inch shells. 

The Bureau of Ships has issued a set of stand- 
ards on welds and another on steel castings. 
A summary of the standards on castings is in- 
cluded. The best part of these standards is the 
inclusion in the original, of films made with 
both radium and x-rays respectively, of each 
defect condition. As a result the defect class 
of the sample may be decided rather definitely 
by visual comparison. 

The Army Air Forces has issued a set of 
standards for structural castings for aircraft. 
In ariving at standards, the A.A.F. selects by 
radiography the three poorest samples of a test 
lot of 100, and if they pass the static load test 
those radiographs become the standards for all 
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castings of that design. However, cracks, cold 
shuts, misruns, and shrinkage voids are auto- 
matic cause for rejection notwithstanding static 
test. 

The following definitions are taken from 
Army Air Forces Requirements: 


1. Cracks are represented by darkened lines 
of variable width which are dendritic when 
caused by hot shortness, and are more nearly 
linear, or straight, and of more constant width 
when originating from residuel stresses in solid 
metal. 

2. Cold shuts are represented by darkened 
areas of variable length and smooth outline 
which tend to be elongated and thin. They oc- 
cur where the streams of molten metal have 
come together and have failed to weld together, 


so that the contact surfaces are oxidized. Cold 
shuts may generally be detected by visual ex- 
amination. 

3. Misruns appear as darkened areas of vari- 
able dimensions and smooth outlines where the 
molten metal has failed to fill the section. Mis- 
runs can always be seen by visual examination. 


4. Gas porosity is generally found in alumi- 
num alloy castings and is due to the presence 
of dissolved hydrogen in the molten metal. It 
appears as a well distributed peppering of 
round or irregular dark spots which tend to be 
elongated or curved in coarse grained castings. 
The porosity is distributed throughout the cast- 
ing, the size of the holes varying with the gas 
content of the metal and the rate of solidifica- 
tion of the section. 





TABLE XVIII 
TENTATIVE X-RAY STANDARDS FOR PROJECTILES (ARMY) 


Flat Ovular Piping Annular Ring Allowed 
Section of Cast No Size No Size No Size No Size Cracks Combinations 
B Group—75mm, 3”, 81mm, 90mm, 105mm, 120mm 
Bottom—3” from base 0 0 0 0 No Solitary pores if sepa- 
or % of cast which- Provision rated by %” solid cast. 
ever is less. 
Middle —from point 1 %” x %” 2 %” max. 1 1” x \&” O a 3 if separated by ” 
3” from base for 6” x ty” diam. aver. diam. solid cast. 
or middle % of cast. 
Top — remainder of 1 %” x %” 2 %” max. 1 14%4”x%%” 1 = Yo” aver. “ 4 if separated by \” 
cast above 9” or up- X Yo” diam. aver. diam. diam. of solid cast. 
per %. individual 
bubbles 
C Group—4.5”, 6”, 155mm 
Bottom — 3%” from 0 0 0 0 No solitary pores if sepa- 
base of cast. Provision rated by %” solid cast. 
Middle — from point 1 1” x1” 2 %” max. 1 1%”x%” 0 = 3 if separated by 1” 
3%” from base for 8”. x 15” diam. aver. diam. solid cast. 
Top — remainder of 2 1” x1” 2 %” max. 2 2” x \%” 1 = ¥5” aver. - 6 if separated by 1” 
cast above 11%”. x nh” diam. aver. diam. diam. of solid cast. 
individual 
bubbles 
D Group—8”, 240mm 
Bottom—4” from base 0 0 0 0 No Solitary pores if sepa- 
of cast. Provision rated by %” solid cast. 
Middle — from point 2 1% x1% 2 %” aver. 2 2x %” 0O “ 5 if separated by 1” 
4” from base for 10”. xX ts” diam. aver. diam. solid cast. 
Top — remainder of 2 1%x1% 3 %” max. 2 2-\%” x 1 Yo” aver. ‘ 7 if separated by 1%” 
cast above 14”. xX 6” diam. ve” aver. diam. of solid cast. 
diam. individual 
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bubbles 





Interpretation of the Radiograph 


5. Microshrinkage commonly appears in mag- 
nesium alloy castings, and ocsasionally in cast- 
ings of other alloys, as dark feathery streaks, 
or as massive areas of fairly definite outline. 

6. Blowholes or gasholes usually appear as 
well defined spherical or rounded darkened 
areas. They are caused by trapped air, mold 
or core gases, or water vapor and are random 
in occurrence but tend to distribute on the cope 
side of a casting. 

7. Dross inclusions. Dross or oxide inclu- 
sions appear as small darkened regions of ir- 
regular or indistinct outline, varying in in- 
tensity. These tend to be random in occurence 
but may become localized in cope side of a 
casting. 

8. Sand inclusions appear as gray spots of 
uneven granular texture with indistinct outline. 
They are random in occurrence but tend to con- 
centrate near the bottom side of a casting. 

9. Segregation of metallic inclusions 
(whether or not these properly constitute alloy- 
ing elements) appear as well defined white 
spots or as mottled areas, regular or irregular 
in shape. 

The definitions below are based on Army Ord- 
nance Standards: 

Flat Cavity—disc shaped cavity perpendicu- 
lar to the long axis of the shell. 

Ovular cavity—common small cavity. 

Piping—a long 14 to 1 inch diameter cavity 
extending downward from the top of the pour 
along the long axis of the shell. 

Annular ring—a ring-shaped cavity with 
diametral plane perpendicular to the long axis 
of the shell. 

In 1930 the ASME Boiler Code Committee 
specified that x-ray examination be used to 
determine the homogeneity of the deposited 
weld meta! in pressure vessels. A large part 
of industrial radiography has been devoted to 
weld inspection. 

In the standards mentioned, especially welds 
and castings, a sensitivity of 2% is required and 
must be shown by the visibility of penetra- 
meters on the film. 


—$ ae _ 


a —= se ge ee ce aN a a ee: 


TABLE XIX 


CLASSIFICATION OF CASTINGS FOR APPLICATION 
OF RADIOGRAPHIC STANDARDS (BUSHIPS) 
Class 1: 


H. P. Valves and Fittings (wall thickness 
less than 1 inch). Superheater Fittings. 


Boiler Stop Valves. 

Machinery Castings subject to fatigue or 
impact stresses (wall thickness less than 
14 inch). 

Class 2: 

H. P. Turbine Casings. 

Steam Chests. 

Turbine Throttle Valves. 


H. P. Valves and Fittings (wall thickness 
1 inch or greater). 


L. P. Valves (wall thickness less than 1 
inch). 


Machinery 
greater. 


Castings (wall 1% inch or 
Class 3: 

L. P. Turbine Casings. 

H. P. Turbine Exhaust Casings. 

L. P. End of H. P. Turbine. 


L. P. Valves (wall thickness 1 inch or 
greater). 


Machinery castings not subjected to steam 
pressure. 
Class 4: 


Hull Castings less than 3 inches in thick- 
ness—subjected to high service stresses. 


Machinery castings not subjected to impact 
stresses or vibration. 


Class 5: 
Hull Castings 3 inches or more in thick- 
ness and subject to high service stresses. 


99 


Handbook of Ordnance Radiography OP 1681 
TABLE XX 


Type of 
Defect 


Gas and 


blowholes 


Sands spots 


and inclusions 


Internal 


Shrinkage 


Hot tears 


Cracks 


Unfused 
chaplets 


Internal 


chills 


Class 
Plate 
Al 


A2 
A3 
A4 
Abd 
A6 


Bl 
B2 
B3 
B4 
B5 
B6 


C1 
C2 
C3 
C4 
C5 
C6 


D1 
D2 
D3 
El 
E2 
E3 
F1 
F2 
F3 


G1 
G2 
G3 
G4 


RADIOGRAPHIC STANDARDS 


(The plates are an integral part of the standards.) 


Class | 
1 
Borderline 


Unacceptable 
Unacceptable 
Unacceptable 
Unacceptable 
Unacceptable 


Borderline 

Unacceptable 
Unacceptable 
Unacceptable 
Unacceptable 
Unacceptable 


Borderline 

Unacceptable 
Unacceptable 
Unacceptable 
Unacceptable 
Unacceptable 


Unacceptable 
Unacceptable 
Unacceptable 


Unacceptable 
Unacceptable 
Unacceptable 


Unacceptable 
Unacceptable 
Unacceptable 


Unacceptable 
Unacceptable 
Unacceptable 
Unacceptable 


Class 
2 
Acceptable 


Borderline 

Unacceptable 
Unacceptable 
Unacceptable 
Unacceptable 


Acceptable 
Borderline 
Unacceptable 
Unacceptable 
Unacceptable 
Unacceptable 


Acceptable 
Borderline 
Unacceptable 
Unacceptable 
Unacceptable 
Unacceptable 


Unacceptable 
Unacceptable 
Unacceptable 


Unacceptable 
Unacceptable 
Unacceptable 


Borderline 
Unacceptable 
Unacceptable 


Unacceptable 
Unacceptable 
Unacceptable 
Unacceptable 


Class 
3 
Acceptable 


Acceptable 
Borderline 
Unacceptable 
Unacceptable 
Unacceptable 


Acceptable 
Acceptable 
Borderline 
Unacceptable 
Unacceptable 
Unacceptable 


Acceptable 
Acceptable 
Borderline 
Unacceptable 
Unacceptable 
Unacceptable 


Unacceptable 
Unacceptable 
Unacceptable 


Unacceptable 
Unacceptable 
Unacceptable 


Acceptable 
Borderline 


Unacceptable 


Borderline 

Unacceptable 
Unacceptable 
Unacceptable 


Class 
4 
Acceptable 


Acceptable 
Acceptable 
Borderline 
Unacceptable 
Unacceptable 


Acceptable 
Acceptable 
Acceptable 
Borderline 
Unacceptable 
Unacceptable 


Acceptable 
Acceptable 
Acceptable 


Borderline 


Unacceptable 


Unacceptable 


Borderline* 
Unacceptable 
Unacceptable 


Borderline* 
Unacceptable 
Unacceptable 


Acceptable 
Acceptable 


Borderline 


Acceptable 
Borderline 
Unacceptable 
Unacceptable 


Class 
5 
Acceptable 


Acceptable 
Acceptable 
Acceptable 
Borderline 


Unacceptable 


Acceptable 
Acceptable 
Acceptable 
Acceptable 
Borderline 


Unacceptable 


Acceptable 
Acceptable 
Acceptable 
Acceptable 
Borderline 


Unacceptable 


Acceptable 
Borderline* 


Unacceptable 


Acceptable 
Borderline* 


Unacceptable 


Acceptable 
Acceptable 
Acceptable 
Acceptable 
Acceptable 
Borderline 


Unacceptable 


* Acceptable only when angle between the defect and the direction of the principle stress is not greater 


than 20°, 
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PROTECTION 


Radiation 


The biological effects of x-rays and gamma 
rays that make them useful for treatment also 
make them dangerous to all who work with or 
near them. Those who are subjected to even 
small doses over long periods of time may suffer 
deleterious changes in the body, indicated by 
measurable changes of the blood, alterations 
of glandular tissue, loss of hair and damage to 
the skin. It is difficult to determine accurately 
the amount of radiation that can be tolerated by 
the average person. It is found that there are 
wide variations in susceptibility from person 
to person. On the basis of experience gained in 
past years it is generally agreed that about .1 
roentgen per day is a safe dose for persons in 
normal health, if such persons receive no radia- 
tion during at least one month each year. The 
.1 roentgen is over-all radiation, not localized 
radiation. 


Tolerance doses for the parts of the body - 


vary. Prolonged exposure of the entire body 
or a large portion of the body will result in 
headaches and general lassitudes while over- 
exposure of some part may result in an x-ray 
burn which can become cancerous. 


Biological Effects of Radiation 


Erythema is a reddening of the skin due to 
congested capillaries; it may be caused by ex- 
posure to x-rays in which case the hair falls 
out and the injured skin scales off. The amount 
of radiation necessary to cause this effect is 
called an erythema dose and varies with the 
intensity of the radiation. The more intense 
the radiation the more effective it is; however 
at 150 KV, 600 roentgens is generally con- 
sidered an erythema dose. 

All parts of the body, however, are not equally 
affected by radiation. * 

Dangerous doses for the body tissues are 
approximated: 


Leucocytes .................. 240 R 
Salivary Glands ............. 250 R 
Germinal Cells .............. 168-300 R 
Blood-forming Organs ....... 300 R 
Endocrines .................. 333 R 
Blood Vessels .............. 400 R 
Dermal Structures ........... 430 R 
Viscera ..................... 7650 R 
Connective Tissue ............ 1200 R 


The quality of radiation has a definite effect 
on the amount of radiation required for ery- 
thema. 

THRESHOLD ERYTHEMA DOSES 


KV Roentgens 
(including back scatter) 
POOF iio Siu. bie ewes 270 
TAO ook, on S08 Hoek ten 68 a's 525 
200 coicc cheer bene cesses 680 
TOO: ot eed: 2a cee se ih Broce ecaath 800 
1,000... ee, 1,000 
Protection 


For protection against scattered radiation at 
higher voltages compared with direct radiation, 
less barrier thickness is needed. 


A normal count shows about 5,000,000 ery- 
throcytes (red cells) per sq. cm. and from 6,000 
to 8,000 leucocytes (white cells) per sq. cm. 
Wide variation from the normal indicates a 
pathological condition which may possibly be 
due to overexposure to radiation but which may 
also be due to many other more common dis- 
turbances. A monthly blood count is recom- 
mended for all x-ray technicians. 


If a dental x-ray film with a paper clip on it 
is carried in the pocket for a period of two 
weeks and then developed, an indication of the 
amount of radiation received may be obtained. 
If an image of the paper clip is visible too much 
radiation has been received. 


For protection against radiation the barrier 
must be inexpensive and easily constructed. 
Lead is a very good material requiring only 
small thicknesses to replace several inches of 
other materials. Concrete is used more often, 
however because it is less expensive. 
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Protection 





4. Keep decks clear of spilled oil and grease. D. Travel slowly in the forward direc- 
5. Never allow personnel inside danger areas tions. 
during exposure. The operator is responsible E. Keep trucks on concrete apron. 
for all violations of the safety code. F. Do not bump or jar ordnance. 
6. Handle ordnance on trucks. : 
A. Use chocks to secure objects. Explosives 
B. Never raise ordnance higher than 1. Do not smoke when explosive is in target 
necessary. room. 
C. Travel with ordnance as low as pos- 2. Return explosive to magazine as soon as 
sible. possible. 
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Chapter 15 


MAINTENANCE AND REPAIR OF THE VAN DE GRAAFF GENERATOR 


Generator Wiring System 


The entire system operates from a 220 volt, 
60 cycle, 3 phase power system. The fourth 
wire is grounded with approximately 110 volts 
from any phase to ground. 

Turning the power on puts the 2 kw variac 
in the relay cabinet (RC) between one phase 
and ground. The variac is adjusted to an out- 
put of 110 volts and the system is grounded 
through the power line. The Variac output 
goes to the main switch in the control panel 
(CP) on line Al and the system ground on A2. 


Main Switch on Control Panel 


Power for the entire system is controlled by 
the CP main switch except for the vacuum 
pumps, the battery charger, the compressor 
and silica gel heater relays, and the cooling 
protective relays. These are supplied directly 
from the RC Variac through line Al and also 
across other phases. Throwing the main 
switch does the following: 

1. Closes relay 5 which supplies 110 volt 
power for relays, etc. The output from this 
relay is sent to RC on A5. From this relay, 
110 volts is supplied: 

a. To the Selsyn in the Control Panel. 

b. To the 110 V Motor on Generating Volt- 
meter through B14. 

c. Through the normally closed contact on 
the cooling protective relay #2 in relay cabinet 
to the circulating pump relay which supplies 
cooling water to the tube target and the mag- 
netic lens. This pump has a 220 volt 3 phase 
motor. 

d. Through the same contact, to the solenoid 
valve, supplying water to the cooling coil in the 
pressure tank. 

e. Through B14 and the junction box (JB) 
near the tank, to the Selsyn in tank and the fila- 
ment transformer for the 6H6 tubes in the 
generating voltmeter circuit. 
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2. Supplies 110 volts to magnetic lens switch 
in control panel. 

3. Supplies power for remote operating 
switch at relay cabinet. 

4. Provides power at interlock switch on 
control room door through K2. 

5. Applies 110 volts to relay contacts 4-1, 
3-7, 2-6, 2-9, 6-1, and 7-2. (3-7 represents, 
for example, contact 7 on relay 3.) 

6. Applies 110 volts to motor switch on con- 
trol panel. 


Motor Circuit 


The motor cannot be started from either CP 
or RC unless the main switch in RC is thrown 
for CP operation. Current (110 volt) flows 
from the motor switch in CP through A8 to 
RC, through interlock switch to W2 and through 
pressurestat P2 on tank cooling coil. If there 
is sufficient pressure on this line to cool tank, 
P2 closes and if circulating pump relay is 
closed, the circuit for the motor relay is com- 
pleted and 220 volts 3 phase is supplied for the 
drive motor, leaving RC on Ll, L2 and L3. 

If the interlock switch in RC is thrown for 
operation from the relay cabinet, as in testing 
(as 1s necessary if the tank is open), the motor 
cannot be operated from CP but only from the 
motor switch on RC. In this case the relay 
obtains power from A5 which is controlled by 
the main switch in CP. Pressurestat P2 and 
circulating pump relay must also be operating 
in this case if motor is to run. Extra contacts 
on the motor relay also controls the input to 
the high voltage transformer rectifier. The 
centrifugal switch in the tank also opens this 
circuit if the main charging belt is not running. 
These circuits are on B9~B15-B16. 


Turning on Voltage 


With the main switch on and the motor on, 
the charge can be applied to the belt. 
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Relay 3 will now be held closed and the horn 
on, either until 30 seconds has elapsed and relay 
7 opens or until key Al is used to lock the con- 
trol room door; the switch on topside door must 
also be closed to complete this circuit. When 
this is done, 110 volts is applied to the coil of 
relay 2 through contacts 3-1,5. This must be 
done within the 30 seconds or relay 3 wil] have 
opened and closing the door interlock switch 
will have no effect. When relay 2 closes, the 
horn circuit is broken through 2-7,9 and 110 
volts is applied to the coil of relay 3 through 
contacts 2-6,3. Relay 3 is now held closed 
independently of the time delay relay and will 
remain closed until either the interlock switch 
is opened by unlocking the control room or top- 
side doors, or until the main switch is opened. 
The power input lead A5 to the variac in the CP 
controlling the high voltage rectifier and hence 
the charge applied to the belt is now grounded 
through 1-4,6, the door interlock switch, 2—2,5, 
and the RC interlock switch. 

Since the coil of relay 1 obtains its power 
through 7-1,2, the machine will be ready to 
operate only after the time delay has operated. 
When this happens, a circuit is completed 
through 7-2,3, the push button and 1-3,5, light- 
ing the green light. 

Pressing the exposure start button closes 
relay 1 which is held closed through 1-1,3. The 
green light circuit through 1-3,5 is now broken. 
This circuit is now connected to the 110 volt 
supply A6 through 1-2,4 and the variac inter- 
lock starting the exposure timer, turning on the 
red light and applying 110 volts to the CP 
variac. The output from this variac is con- 
nected to the high voltage transformer rectifier 
in the belt spray circuit through lines A4, B9, 
B15 and B16 through the motor relay and the 
centrifugal switch. Hence if the variac is 
turned up, the motor is on and the charging 
belt running, charge will be sprayed on the belt 
and voltage will be generated and applied to 
the tube. 

Pressing the exposure stop button breaks the 
coil circuit of relay 1, opening the relay, turn- 
ing on the green light through 1-3,5 and 
grounding the variac input, and turning off 
the timer and the red light through 1-4,6. 


108 


The foregoing is for the case when the toggle 
switch in the side of the control cabinet is set 
for panel operating. When set for remote oper- 
ating, the coil of relay 1 is controlled by means 
of a SPST switch connected across R3 and R4. 
The power for the variac and the bias are con- 
trolled, as before, by the interlocks and the 
time delay relay. 

For the protection of the target of the x-ray 
tube, the drive motor relay is in series with P2. 
The switch remains open unless sufficient water 
is flowing in the target line to cool the target. 
Unless the switch is closed, the motor will not 
run. 


When the pressure tank is open, the inter- 
lock system holds the RC interlock switch for 
RC operation. In this position it is not pos- 
sible to turn on the motor or the high voltage 
rectifier from the CP. It is possible however 
to turn on the high voltage from the RC by 
means of the VOLTAGE switch provided the 
motor switch in the RC is on. When the volt- 
age switch is thrown A5 feeds S2 directly and 
lights filaments in the transformer rectifier. 
With the motor switch on, when the voltage 
switch is thrown, 110 volts is supplied from 
the line A5 through the RC interlock switch 
and line A6 to the CP variac. The variac out- 
put as before is interlocked with the motor 
relay and the centrifugal switch. Operating 
with voltage from the relay cabinet should be 
done only for very special tests and only with 
someone watching the target current meter. 
Should the tube become energized a serious and 
perhaps futal x-ray burn might result. In ad- 
dition, the high voltage lead inside the tank is 
exposed with the tank open and is dangerous. 


Voltage Measurement 


The generating voltmeter motor and rectifier 
filaments are turned on by the main switch on 
CP. The output from the circuit is brought to 
CP on lines B7 and B8, both of which are 
shielded, B7 being grounded both at the tank 
and to the chassis of CP. B8 goes through the 
voltmeter microammeter and the bias battery 
and the sensitive relay to the voltmeter jack 
on the side of CP and to ground. Relay 6 is 
shunted and is adjusted so that contacts 6-1,2 
close at any predetermined voltage (voltmeter 
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current), thus closing relay 9 and opening con- 
tacts 9-1,2. This is equivalent to pressing the 
exposure stop button. Relay 8 must be reset 
manually from inside the CP. Inserting a 
meter in the voltage jack puts that meter in 
series with the voltmeter in the panel. 


Target Current 

The tube target is insulated and the current 
to it is brought to CP on B6. The ganged 
switch on the panel serves to change the range 
of the target microammeter and to protect it 
from surges by the resistor-neon bulb arrange- 
ment. The positive terminal of this meter is 
grounded through A2. 


Charging Current 

The current sprayed on the charging belt is 
measured between ground and one side of the 
secondary transformer. This portion of the 
circuit is from ground through the meter jack 
to one side of the secondary winding through 
S1. 


Short Circuit Current 

The no-voltage current output of the gene- 
rator can be measured by pushing the insulated 
probe in the side of the tank into contact with 
the high voltage terminal. This probe is con- 
nected with the short circuit jack in the side 
of CP by line Bd. 


Resistor Current 

The current through the potential dividing 
resistor in the generator column is brought to 
the RC on line B10 and to CP on A3. This cur- 
rent is used to actuate a safety device by pass- 
ing it through contacts 2-4,8 and the sensitive 
relay 6. Thus, if relay 2 is open (control room 
door open, or door locked without operating re- 
mote interlock switch in proper fashion) and 
sufficient voltage is generated to give a resistor 
current of more than 5 microamperes, contacts 
6—1,2 close, actuating relay 4. This closes con- 
tacts 4-1,2 and turns on alarm horn in building. 
Should this happen, the horn may be turned off 
only by the main switch or by resetting relay 6 
from inside CP. With relay 2 in closed posi- 
tion (correct operating position) the resistor 
current goes to ground through contacts 2-1 
and the resistor current jack, rather than 
through relay 6. 

699810—46—8 


When operating from RC, the resistor cur- 
rent is shorted to ground in RC when the motor 
switch ison. This prevents the horn from blow- 
ing when testing the belt for alignment. 


Magnetic Lens and Battery Charger 

When the main switch in CP is closed, throw- 
ing the magnetic lens switch will close relay 
10. When 10 closes, the battery bank is con- 
nected to the magnetic lens through contacts 
10-1,3 and 10-2,4. The current through the 
lens is adjusted by the variable resistor in CP 
and by the number of batteries connected in the 
lens circuit. The current is measured by the 
ammeter in CP, which should always be used 
with the proper shunt. With relay 10 in the 
closed position, it is not possible to connect 
the charger to the batteries. With the magnetic 
lens switch in the off position however, the 
charger output is placed across the batteries 
through contacts 10-3,5 and 10-4,6 and throw- 
ing the battery charger switch to the on posi- 
tion turns on the charger through line M1. 
The charge current is measured by the meters 
on the battery charger case. Turning off the 
main switch in CP does not turn off the charger 
nor does it disconnect the batteries from it. 
The batteries may thus be charged overnight 
while the machine is not in operation. 

The following charts show the terminals in 
each cabinet and box. This will facilitate 
trouble shooting in showing the position of each 
lead in the circuit. 


Relay Cabinet 

The relay cabinet makes it possible to oper- 
ate the generator from topside and prevents 
the machine from being operated from the con- 
trol panel which would be dangerous to per- 
sonnel when tank is removed. 

Switch 1 starts the motor if the interlock is 
thrown into the correct position, 2 applies volt- 
age to the spray bar, 3 turns on the tank lights, 
4 contacts the diffusion pump which is oper- 
ating at all times. Switch 5 turns on silica gel 
drier which is started by pressing switch to the 
right of the cabinet. However the compressor 
must be operating before the silica gel heater is 
turned on. The compressor is started by throw- 
ing switch 6 and pressing button on the right 
of relay cabinet. 
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TABLE XXII 
ConTROL CABINET 
Left Right 
O M1 O——Box K O 38 O——Anmplifier O B6 O——Box D 
O M2 O——Box K O 65 Cc O Al O——RC 
O M3 O—Box K O A6 C O A2 O——RC 
O M4 O——Box K O A6 C O A3 O——RC 
O M5 O——Box K O Al C O A4 O——RC 
O M6 O——Box D O Al 5 he O A5 O——RC 
O M7 O——Box D O A5 C O A6é O——RC 
O A9 O-—Box F O A5 shea O A7 O——RC 
O B5 O—Box D O B1 O——Box D O R1 O——Reset Box 
OS! O——Box D O B2 O Rox D O R2 O——Reset Box 
O A8 O——RC O B3 O Box D O K1 O——CR Interlock 
O A100-——RC OH O—Box E 38C O——CR Interlock 
O A&8 O——CC A2 O——RC O——CR Interlock 
O A100——CC } B7 O——RC Box D oy “OCR Interlock 
O M1 0 Box K O B8 Q——Box D O S2 O——RC 
O 37 O——Mag. Lens Sw. O K5 QO—Stair Sw. O K6 O Stair Sw. 
K4 & Stair Sw. 
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C7 
C6 
C5 
C4 
C3 
C2 
C1 
S2 
K4 
W12 
Wil 


W10 
Ww9 
Ws 
W7 
W6 
W6 
W5 
W4 
W3 
W2 
Wi 


O 

O Box G 
O——Box G 
O——Box G 
O——Box G 
O—-—Box G 
O——Box G 
O——Box G 





O——Box D—Power Supply 


O——Box D 
O——Box F 
O——Box F 
On 

O———Box F 
O——Box F 
O——Box F 
O——Box F 
O——Box F 
O——Box F 
O—— Box F 
O—— Box F 
O——Box F 
O——Box F 
O Box F 





TABLE XXIII 


RELAY CABINET 


OH 
—-O B19 
Wi13 
B18 
wO B14 
vO Bll 
vO B10 
O B9 

v0 Tl 


6 


70 73 


O 
O——-Box D 
O——-Box F 
O——Box D 
O——Box D 
O——Box D 
O——Box D 
O——Box D 
O——Box D 


vO Al0 O——CC 


W12 
O AQ 


O 
O A8 
O A7 
O A6 
O AS 
O A4 
O A3 
Gnd 
Gnd 
Gnd 


Gnd 


A2 
A2 
O Al 


Cabinet Gnd 
CC 


Oo 
O——CC 


CC 
CC 
CC 


Oo——CC 
O——CC 
O——CC 
O——CC 
O CC 
O CC 
O——CC 
O——CC 
O CC 


Po 


H10 6 6 
63 50 


Hn. a ht BR 
yg. Light 
Box E 


6 


69 


6 


71 


| 
O 
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Box K——O A2 O 
Box K——O M10 
Box K——O M20 
O M3 O——To Bat. Chg. 














O M5 O——Switch 








Switch Switch 
O M8 O——Switch Switch 








TABLE XXIV 
Batrery Switcw Box 
To Bat. Chg. Switch O 50 O 
To Bat. Chg. Switch——O 21 O——To Batteries 
To Bat. Chg. 





O 520 
O 53 O 








Switch——O 22 01——To Batteries 
Switch——-O 23 O——To Batteries 
Switch——O 24 O—To Batteries 
Switch——O 25 O——To Batteries 
O 26 O——To Batteries 
O 51 O——To Batteries 
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CC——O B10 O——Tank 


CC——O B2 O——Tank 
CC——O B83 O——Tank 
CC——O B5 O—— 
CC——O B6 O——Tank 
CC--——O B7 O——Box M 
CC——O B8 O——Box M 
RC——O B9 O——Tank 


RC——-O B10 O——Tank 
RC——O B11 O——Tank 
RC——O B12: 0—— 
RC O B14 O——Box M 
ae B14 O——Tank 
Box G——O B15 O——Tank 
—OB O 
O O 
O O 
O O 
OE O 
O 
O 
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TABLE XXV 
Box D 
RC—-—-O W O——Power Supply 
CC——-O SI] O—-—Power Supply 
RC——O S82. O——Power Supply 
Box G——O B16 O——Power Supply 
——OE O Power Supply 
RC——O Al 0 | 
RC——O T1 O——Tank 
O O 
CC——O M6 O——Tank 
CC——O M7 O——Tank 
Box K O M8 O——Box M 
Box K——O M9 O Box M 
RC—-OE_ O 
O O 
CC——O M1C O——Tank 
O O 
Tank O A2 
Tank OA2 O 
Tank O A2 
R OAl O—-€Box M 
RC OA2 O Box M 
OF O 
O BIS O Gnd 
——O B19 O Box M 
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TABLE XXVI 


Box M (HyVac PROTECTIVE) 


DPDT NC Contact 
——0—E2 —o—{ 
Relay Contact 


To Center Sw. 


























To Center Sw. ——Q—El —-O—— Relay Contact 
Fuse Wire ——QO—E1 ——O-———- Horn (BIk.) 
Fuse Wire ——~ M8s8——_O—— Horn (Wht.) 

Box D ——Q— M8s8—_O—— 
Box D ——0O— M9—-_O0—— DPDT Sw. 

To Mel. Light aro EDT Be 

~ (Common) 
Box D ——O—B19 —O—— Trans. 
Box D ——O—B8—-O—— VM Cable 
Box D ——O—B7—_-O0—— VM Cable 
Box D ——O—B14—O—— VM 
To B8 Shield ——Q—A2-—O0—-- VM 
Lg. Red Light — A2—_O—--— McLeod Light. 
Red Light (wht.) —— A2——-O—— Box D 
To Hyvac ——Q—A2-—O0—— D. P. Htr. 
Trans. ——O—B19—O—— D. P. Htr. 
TABLE XXVII 
Box at CIRCULATOR 
Box F O W13 O—+ Solenoid at Circ. 
Box F O W9 feat 
Box F OwW8 O 
Box F——O W7 
Box F O W6 I 
Box F OW5 O 
Box F OW4 O 





O——Solenoid at Circ. 
O——Flowmeter F1 
O——Pressurestat P2 
O——Flowmeter F1 White 
O——Pressurestat Pl White 
O—— Motor 


Box F——O W3 

Box F——O W2 

Box F——O W1 

(Black) Pressuretrol P1——-O PF 
Pressurestat P2——O PP 

Box F——O W9 








Box F O W10 O—— Motor 
Box F O W11 O—Motor 
Box F OW O——Box Gnd. 





a 
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TABLE XXVIII 


Box F (Circu.Lator) 



























































O O 
O O 
Cire. Box W13 O——RC 
Circ. Box j GND O——RC & Box Gnd 
Cire. Box OWl1l O——RC 
Circ. Box OW10 O——RC 
Cire. Box Ow9 O—RC 
Circ. Box OW9 O—RC 
Cire. Box OW8 O——RC 
Cire. Box OW7 O——RC 
Cire, Box OW6 O——RC 
Cire. Box——O W5 O——RC 
Circ. Box OW4 O—RC 
Circ. Box OW3 O——RC 
Circ. Box OW2 O—RC 
Cire. Box——-O W1  O——RC 
TABLE XXIX 
Box G (COMPRESSOR) 
O O 
O O 
Comp. Box O H10 O——RC (Z) 
Comp. Box O B16 O— 
Comp. Box O B15 O—— 
Pressurestat P3——-O B19 O —Box D 
Pressurestat P3——-O B18 O——RC 
O O 
Gnd to Box 
Comp. Box——O W dene 
Comp. Box——O C4 O——RC 
Comp. Box——O C5 O——RC 
Comp. Box O C7 O——RC 
Comp. Box——O C6 O——RC 
To Motor——O C3 O To RC 
To Motor——O C2 O——To RC 
To Motor O Cl O——To RC 
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TABLE XXX 


Box aT COMPRESSOR 


O 

O 

O 
Box G——O H10 
Box G O B15 
Box G——O B16 

0 
Box G——O C5 
Box G——O C4 
Box G——O W 





O 

——O 
Box G O C7 
Box G——O C6 








Gnd Hyg. Light 
O 
O 
O——Hvygrometer Light 
O——tTo pressuretrol, P4 
O 
O 





To pressuretrol, P4 


O——Temp. Contr. 
O——Temp. Contr. 
— 

Box Gnd. 
Oss 


O Silica Gel. Htr. 
O—-—Silica Gel. Htr. 











Box G O C3 O——To Motor, Press, Sw. 
Box G——O C2 O To Motor, Press, Sw, Solenoid 
Box G O Cl O To Motor 
TABLE XXXI 
Box E (Beacu Russ WIir1nc) 
Reset 
inter- 
| L3 Horn | lock | Gnd 
O O O O O O O 
H Sl R2 S2 MW 
H SI R2 S2 Ww 
| | | | | | | 
a 4 Z RC CC RC Horn 
RC 2 W2 Gnd 
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peement in the tank ‘air. “eunedinbely af ter ane 
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‘lewed to drain from. the pet-cack: at the. bottom Ne? 
After | the evacuating: period: which. BB Neier! 
mately & 19 4 hours for the quickest and 00000000. 
. most’ efficient. drying, the compressor aystemis 
"should be pumped to 200 pounds pressure, and = 
the inlet valve to the tank No. dy eracked. Jusk oe 
 €naugh to drop the system. ‘preasure to ghout = 
“The pump oo fs 


sof the UL 
| ‘een the ‘nompresscr isin use, =¢ See ‘compres: 
sor: diagram—Figure- 4265°° Se vacuun: ‘gauge: 
- attached ta the line to the tan! 


“approxit 


Ark k indicates vaenunt. 
: “Whenever his pump is Blarted, it 
should: not: be deft unattended vuntil: a 30 inch 
- ¥acuum is. ind | 
should not be stopped during’ the evacuation — 
because the oil in the: pump veservoir might be 
sucked into the air line. 
Pon the deck prevents. oil from. getting into the. tank © 
should the pump. stall, : 
“evacuated, the box surrounding. the U-shaped 
| ory ice trap should be. iled. with. chopped: dry) 
ae to. erevides a cole spots tor 


150 pounds. warted: 2 
and this valve kept in adjogtment. to maintain eee 

unti the: tank iy ‘pumped up. Ins ane ee 
is) kept: under pressure ’ in’ ie Feary 
~ silica gel euntainer and veoling’ boil just: ‘before eae 
entering the tank, ‘thereby: more efficiently. BEE oS 

| moving moisture. ie Sees 
For. the electrical cirenit, controlling the apap ee 
ation oe the pump. | be e Fire ale The oa Ese ae! 


“The oil trap beneath ee 


‘Each time the tank: is 


ee water a 


ne rennet Siete’ 


: Fen 


“Ae drying. system Mites They 





Ce 









‘The compressor is again st ; 






this: pressure unt 
this way; ‘ane 


















Fo. TaN 


FP 


; Se TAR 
e pRY ACE TRAP 






ay ee sk GEL” 


: me 








LATER TRAE 


wa ~s 


te rp oe 
s ¢ -* 


Oty 
° od 
oa 
—< 


Ee te refill. 


Handbook. of Ordnarice: Radio sraph is 





trol switches a are eppunted on the pump. ‘Faure = 

127 shows. Beach Russ Ve acuum Pump. installed. — 

The Beach Russ Pump requires a. certain — 

amount af servicing to insure dependable She MAE 
Bes PRET turn. the: yaa byt hand ‘until the pressure 

SAS released. oe 3 . 3 


ation. 


o ie 
i) a ake a 
Hy me EF 





{ Figuiaw: 1h Phiotagraph af Besich Russ Veedunt. vue. 
hh ON. Salen. ‘CBURES,. and” eae oF. f SaEE OE: 
WEY a : switch box es 


Theo oi} should he changed oncew yedrto-pre-- fe. 
Pennsylvania. Paces 


vent: wear on: the pump. 


‘maker #3 SAK 30 manufactured by Cities - 








Services: Gil Co. oF ie eavivalent, ee he used 
When gartiaes ee alieaye: en he: ye 





rs 


Open 








wheel over by hand. to be § sore it ig full, 


oe oil valve: to. tubricate “pump,” ‘also: valve Nb... pie 
Start the. 
“pump by means of the electric guitich. “When it © 
gets up to speed, secure valve 1. “When: ahut- 
- ting: down, close oil valve five minutes before, 

stepping, pump: “Then | ‘Oper: valve e Nov: r sb. se 


: which is a vent: ‘er pumping valve, 
















“maitnite before securing; this” pumips: ‘the. “git = 
3 hack into the reservoir. and vee ie ae 
ae t rom n locking. as 


~ - 


Batteries and | Battery See 

The: Lens. Batteries Are standard: lead acid 
type. ‘batteries. = The fully charged specific” 
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the two ammeter readings. When charging 
the Diesel engine batteries, be sure the batteries 
are not connected to the Diesel starter. 


Bulb Fuses Bulb 
Cat. 189048 15 ame Cat. 169046 






Reactance 
See 
y () Q 


= + : 
FIGURE 129. Connections of 115-volt Tungar, auto- 
transformer type charger 


High Voltage Transformer 

The 75 KV voltage transformer rectifier is 
build by Campbell X-ray Corporation. The cir- 
cuit is shown in Figure 131. When servicing 
the transformer, the bolts must be loosened and 
the cover raised. The condenser, transformer, 
and tube are attached to the cover. The high 
voltage lead is insulated with petroleum jelly. 
Never energize the circuit when it is possible 
for personnel to come in contact with the high 
voltage lead. 


Vacuum System 


The installation of the sealed-off x-ray tube 
developed by the Machlett Laboratories elimi- 
nates the necessity of the vacuum system here 
described except as a stand-by in emergency. 

The vacuum system consists of the tube, tube 
lead with valve, mercury diffusion pump and 
HyVac mechanical pump. The volume of the 
system is 10 liters. The pressure for operation 


is 1 x 10° mm. Hg. The valve separating the 
tube from the system is a sylphon type and 
should not be closed tightly or opened all the 
way. When disassembling pumping lead, this 
valve should be open. 

The sketch of the diffusion pump is shown in 
Figure 132. 


The mercury is vaporized by the heater and 
condensed when it rises and strikes the cold 
plate; this plate is kept at —76° C. by the dry ice 
(CO.) in the trap. When the mercury vapor 
condenses, it carries the gases out of that re- 
gion through the jets into the fore vac region 
where they are pumped to the outside by the 
fore vac pump. The McLeod gauge in the vac- 
uum system is connected both to the fore 
vacuum region and the high vacuum region. 
The diffusion pump does not begin to operate 
until the fore vac pressure is down to .1 mm 
mercury. The cooling coil around the diffu- 
sion cools the mercury after it condenses. 


If the dry ice trap becomes empty, secure the 
heater and close the main tube valve. Never 
leave the heater on without cooling water in 
the coil and dry ice in the trap. 


If a leak is suspected in the tube, take a 
vacuum reading and close the tube valve for 
20 minutes. If the vacuum improves, the leak 
is in the tube side. Then open the valve and 
take a vacuum reading after the system has 
come into equilibrium, which should take place 
within 4 seconds. 

When letting air into the tube use the small 
valve in the sylphon valve bonnet. Attach a 
liquid air trap and immerse in a flask of liquid 
air; then crack valve and allow the air to flow 
in slowly taking approximately five minutes to 
completely equalize the pressure. 

When pumping out after being open, attach 
a fore vac pump to the small valve and pump 
for about 15 minutes. The Beach Russ Pump 
can be used for this. Also the HyVac pump 
in parallel can be used. When opening the 
sylphon valve watch the McLeod gauge. If the 
pressure in one region is greater than the other 
it will cause the mercury in the Y to be pulled 
into the low pressure side. The best policy is 
to lower the mercury pot so that the mercury 
level is below the Y. 

Figure 133 shows the mercury level in the 
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FIGURE 130. Wiring for magnetic lens circuit 
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diffusion pump. This should be maintained at 
11% inches above the top of the heater as shown. 
The level is checked by radiographing the pump 
with the radium camera. The technique is A 
film, 3 feet, 90 minutes. This check should be 
made monthly to insure good operation of the 
vacuum pump. The dry ice trap should be 
cleaned monthly by taking out the ice and heat- 
ing with air gun until all the ice is melted. 
This will insure good contact between dry ice 
and trap. 

If the mercury level is found low (Figure 
134), then close the main tube value and secure 
heater and fore vac pump. Remove the dry 
ice and heat the trap; let the air into vacuum 
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FIGURE 131. 70,000 volt power supply 


system through the liquid air trap. Remove 
the McLeod gauge and store in safe place; then 
remove long bolts holding the diffusion pump 
together, being careful of gaskets. The top 
can now be removed. When the mercury is 
replaced, reassemble the pump as soon as pos- 
sible; clean each part thoroughly. 


Vacuum Trouble Sheet 


In the event of faulty vacuum conditions in 
the generator, a systematic check can be made. 
This will progressively eliminate potential 
sources of trouble and use a minimum of time. 
The trouble sheet is composed of two sections 
as follows: 
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FIGURE 132. Mercury diffusion pump 


(1) Troubles with the vacuum pumping 
system 

(2) Troubles with the x-ray tube itself 

Whenever there is evidence of poor vacuum, 
the main value should be closed to check the 
condition of the pumping system. Close atten- 
tion should be paid to both the high vacuum 
and the fore vacuum. The fore vacuum could 
eventually affect the high vacuum. On the 
other hand, a leak in the system would result 
in the diffusion pump discharging more gas 
into the fore vacuum, thus raising the fore 
pressure. 

If the fore vacuum is all right, but the high 
vacuum is faulty, the diffusion pump heater 
may be the cause of the trouble. To check this, 
a continuity test of the heater (if the boiler is 
cold) should be made. The power input to the 
heater should be about 275-300 watts. If the 
heater is faulty in any way, it should be re- 
placed. 

Vapors may be the reason why the vacuum 
is not adequate. 

A quick check on a bad vapor condition is to 
put liquid air into the two glass traps over the 
McLeod gauges. If a cloudiness is observed 
in either the fore- or high-vacuum line, steps 
should be taken to remove the vapors. For 
vapors in the high vacuum line, placing a liquid 
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poured in to bring the level up to the indicated 
mark on the side of the pump. Sometimes the 
oil becomes contaminated with water or sol- 
vents, thus affecting the performance of the 
pump. To check against this eventuality, new 
oil should be installed. If a spare HyVac is at 
hand, the pump can be replaced immediately 
when it is suspected. At leisure, the question- 
able pump can be inspected. 


By checking the McLeod gauges with liquid 
air in the glass traps as outlined above, the 
vapor condition can be checked. 


The order of the check on the trouble sheet 
allows the condition of the pumping system to 
be ascertained much more quickly than if a 
random series of tests is made. Sometimes the 
trouble can be isolated almost immediately be- 
cause of the systematic elimination of causes. 

Once the condition of the pumping system 
has been found to be adequate, the main valve 
is opened to check the entire system. If the 
vacuum is still adequate, the generator may be 
fired up again. If the vacuum becomes bad 
after opening the valve, the trouble is in the 
system on the tube side of the valve and must 
be isolated by a series of eliminations. 


To avoid the necessity of letting the air out 
of the tank, thereby losing a great deal of time 
in pumping up and drying, it is considered 
worth while to check all joints outside the 
pressure region even if the leak is suspected in 
the generator itself. The lower check gasket 
of the x-ray tube, which is connected to atmos- 
pheric pressure by a Saran tubing, should be 
tested by evacuating with either the HyVac or 
the Beach Russ pump. If the high vacuum im- 
proves, the gasket is faulty and must be re- 
paired. For emergency use, however, it may 
be that evacuating the gasket reduces the leak 
so that the tube vacuum is adequate for run- 
ning. In this case, the pump should continue 
to evacuate the guard ring. 

If this check gasket has been found to be all 
right but the vacuum continues to be inadequate, 
the target check gasket, the target water 
jacket, the pumping lead gaskets, and the main 
valve bonnet should all be checked either with 
200 lbs. pressure or with a vacuum. If any 
changes in the vacuum condition are noted in 
this check, steps should be taken along the lines 


of the recommendations of the sheet on Special 
Guard Ring Tests. 


The tank pressure should be dropped to 
atmospheric pressure only if no leak has been 
detected outside the tank. 


As the tank pressure drops, the vacuum 
should be observed. If the vacuum improves 
with decreasing pressure, there is undoubtedly 
a leak in the system in the tank. If the vacuum 
does not improve, however, there may be a 
leak inside, but it is more unlikely. Before 
removing the tank, it would be advisable to 
take stock of the tests conducted before, to 
make sure that all possibilities were considered. 
Here again, much time may be saved by spend- 
ing a little more time on the condition of the 
system outside the tank. 

The lower check gasket should be checked 
again, this time with pressure. If it is faulty, 
it should be repaired according to the Special 
Gasket Check. The various gaskets of the 
cathode assembly are next tested, and the 
cathode replaced if there is evidence of a leak 
in the pressure pot or if the check gasket can- 
not be made tight. 

If the vacuum still remains poor, the x-ray 
tube should be removed and the tube extension 
blanked-off. The tube column is probably 
faulty if the vacuum becomes better after this 
step, and should be replaced by the spare 
column. In installing the new tube and cathode, 
of course, the entire system must be checked 
again. 

With the tube extension blanked-off and with 
the vacuum still poor, the blank-off plate or the 
tube extension may leak. The former may be 
checked according to the Special Gasket Check, 
and, if all right, the latter may be tested by 
replacing the tank, pumping up to 200 lbs 
pressure, and observing the vacuum. Before 
this test, which is time consuming, the pump 
should be rechecked to be sure that it has not 
become contaminated by vapors as a result of 
opening the vacuum system. If the vacuum 
becomes poorer as the tank pressure rises, the 
trouble is in the tube extension, assuming that 
the blank-off plate gasket is connected to atmos- 
pheric pressure. The welded joint in the tube 
extension may have parted. If a spare ex- 
tension is at hand, it should not be used until 
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it is decided definitely that the extension is the 
source of the leak. 

If close attention is paid to the order of 
checking the vacuum system, the leak should 
be able to be found with a minimum of effort 
and with reasonable certainty. Naturally, 
there are obscure causes that are not included 
and troubles which have not been experienced, 
but for routine work, this system of checking 
should be an adequate guide for most troubles. 
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TABLE XXXIII 
TROUBLE SHEET 
I, X-ray Generator 
A. Starting up 
1. Voltmeter does not operate (Main Switch 
thrown) 
(See Generating Voltmeter check—II,A) 
2. Water circulator does not operate (Main 
Switch thrown) 
(See Water Circulator check—II,C) 
3. No cooling water through tank cooling coil 
(Main Switch thrown) 
Cause: No input voltage to solenoid valve 
Tests: Check input to Relay #5-CP, A-1 
to gnd. 110 V. 
4. Slave selsyn in tank does not operate. (Main 
Switch thrown) 


Cause: No input voltage. 
Tests: Check input to Relay #5-CP, A-1 


to gnd. 110 V. 
Check voltage at power flange, B-14 
to gnd. 110 V. 
Check voltage in lead in tank to 
gnd. 55 V. 
5. Driving motor does not start (Main Switch 


thrown) 
.a. At any station (either RC or CP Motor 
Switch thrown) 
Cause: Cooling water pressure too 


low. 
Test: Check Water Circulator (See 
II,C) 45 P.S.I 


Cause: Circulator relay not thrown. 
Test: Check Water Circulator (See 
II,C) 
Cause: Thermals in Motor Starter 
#3 kicked out. 
Test: Check thermals—reset starter. 
b. From Control Panel (CP Motor Switch 
thrown) 
Cause: RC interlock on RC operation. 
Test: Throw RC interlock to CP op- 
eration. 
Cause: No input voltage to starter. 
Test: Check input to Relay #3-RC, 
A-8 to gnd. 110 V. 
c. From Relay Cabinet (RC Motor Switch 
thrown) 
Cause: RC interlock on CP operation. 
Test: Throw RC interlock to RC op- 
eration. 
Cause: No input voltage to starter. 
Test: Check input to Relay #3-RC, 
A-5 to gnd. 110 V. 
B. Shutting down 
1. Battery charger does not operate. (Battery 
Charger Switch thrown) 
Cause: Lens Current Switch still on. 
Test: Turn Lens Current Switch off. 
Cause: No input voltage. 
Tests: Check input, A-10 to gnd., also M-1 
to gnd. 110 V. 
Check fuses on A-10. 
Cause: Rectifier burned out. 
Test: Check—replace if necessary. 
2. Cooling water still flows through tank cooling 
coil (all switches off) 
Cause: Cooling protective Relay #2-RC 
thrown. 
Test: Check Relay—also check room and 
water temperatures. 
Cause: Thermostat T-1 set too high. 
Test: Check—reset to 32° F—no lower. 
3. Alarm horn blows (Main Switch on, all 
other switches off) 
Cause: Resistor current flowing. 
Test: Check Ig meter reset Relay #6- 


CP. 
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Cause: Surge in Ix line trips Relay #6- 
CP. 
Test: Check Ix circuit for surges, if neon 
lights. 
C. Operation 
1. Lens current not observed (Main Switch and 
Lens Current Switch thrown) 
Cause: No input to Relay #10-CP. 
Test: Check input, A-1 to gnd. 110 V. 
Cause: Batteries not connected properly. 
Test: Check battery circuit. DPDT Re- 
lay. 
Cause: Lens Current meter faulty. 
Test: Check meter. Shunt X2. 
Cause: Magnet fuses blown. 
Test: Check fuses on M-6 and M-7 in CP. 
Cause: Leads not connected into tank. 
Test: Check connections at power flange. 
2. Generator sparking (as a function of volt- 
age). : 
Cause: “Wet” belt. 
Test: Check dewpoint, -—50° C,—circulate 
air if necessary. 
Cause: Spark gaps (tube and/or equipo- 
tential) too close. 
Test: Check with spark gap gauge. 125” 
Cause: Charging belt poor insulator. 
Test: Observe belt condition—if frayed or 
cut, replace. 
3. Generator Sparking (as a function of charg- 
ing current) 
Cause: “Wet” belt. 
Test: Check dewpoint, -50° C—circulate 
air if necessary. 
Cause: Charging current circuit faulty. 
Test: See Charging Current Circuit check 
—IT,B. 
Cause: Charging belt poor insulator. 
Test: Observe belt condition—if frayed or 
cut, replace. 
4. Generator sparking (as a function of target 
current but not as a function of load). 
Cause: X-ray tube faulty. 
Test: See X-ray tube check—III. 
5. Performance during running of generator 
(see special list.) 
D. Miscellaneous 
1. Tank lights do not operate (Tank light 
switch thrown) 
Cause: No input voltage. 
Tests: Check input T—1 to gnd. at power 


flange. 110 V. 
Check voltage in leads in tank to 
gnd. 


Cause: Fuse blown. 
Test: Check fuse on T-1 in RC. 
Cause: Lights burned out. 
Test: Check lights—replace if necessary. 
2. Vacuum pump heater not on (Vacuum Pump 
Switch thrown). 
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Cause: No input voltage. 

Test: Check input at pump, B-18 to gnd. 
110 V. 

Cause: Fuses blown. 

Test: Check fuse on B-18 in RC. 

Cause: Heater faulty. 

Tests: Check continuity of heater. 

Check power input to heater, 3 

amps, (should be 275-300 watts). 


3. Air compressor does not operate. (Compres- 
sor Switch thrown and Start Button de- 
pressed.) 

Cause: No input voltage to starter #6-RC. 

Test: Check input A-1 to gnd. 110 V. 

Cause: Air temperature too high. 

Test: Wait for air to cool. 240° F. 

Cause: Thermostat set too low. 

Test: Check Thermostat T-2, should be 
240° F. 

Cause: Thermals in Starter #6-RC kicked 
out. 

Test: Check thermals; reset starter. 

Cause: Air pressure too high. 

Test: Relieve pressure at compressor. 
200 P.S.I. 

Cause: Pressurestat set too low. 

Test: Check pressurestat P-5, should be 
200 lbs. 

4. Air heater in compressor does not operate 
(Compressor running; Air Dryer Switch 
thrown; Air Dryer Start Button depressed). 

Cause: Thermals of Starter #5-RC kicked 
out. 
Test: Check Thermals—reset Starter. 
Il. Auxiliary Apparatus 
A. Generating Voltmeter 

1. Voltmeter does not function. 

a. Motor does not run (Main Switch 


thrown). 
Cause: Voltmeter leads on tank not 
connected. 
Test: Plug in leads in floor re- 
ceptacle. 


Cause: No input voltage. 
Tests: Check input, A-5 to gnd. at 
RC. 110 V. 
Check B-14 to gnd. at volt- 
meter. 110 V. 
b. Filaments do not light (Main Switch 
thrown). 
Cause: Filaments burned out. 
Test: Replace tubes (6H6). 

c. No meter reading (during exposure). 
Cause: Relay #11-CP not thrown. 
Test: Stop and restart exposure— 

check Relay contacts. 
Cause: Meter faulty. 
Test: Check with general purpose 
auxiliary meter. (See also 
a and b above). 
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2. Faulty meter readings (during exposure). Cause: Fuse blown. 


Cause: One tube burned out. Test: Check fuse on S-2 in RC. 

Test: Check tubes and replace if Cause: Motor not on (when running from 
necessary (6H6). RC). 

Cause: Current shunted to ground. Test. Throw RC Motor Switch. 

Tests: Check resistance B-8 to gnd. Cause: Filament burned out. & 
(1) between 1000 MEGS CP Test: Check filament current — replace 
and floor receptable and (2) valve. 


in voltmeter lead on tank. 
Cause: Bias batteries old or defective. 


3. Suspected leakage (during exposure: erratic 
or high charging current). 


1.5 V. Cause: Faulty H.V. bushing in power 
Test: Check condition —replace if flange. 
necessary. Test: Disconnect H.V. lead at spray 


points and observe I.. If current 
noted disconnect cable from 
power supply and observe I.. If 
no current, examine H.V. bush- 


B. Charging Current Curcuit 
1. No charging current observed. (During ex- 
posure—assuming that correct starting pro- 
cedure followed. Motor Switch thrown.) 


Cause: No input voltage to power supply. ing—replace. 
Tests: Check input = Variac to interlock, Cause: Faulty H.V. cable. 
A-7 to gnd. 110 V. Tests: If I. noted after above test, dis- 
Check Variac input, A-6 to gnd. connect H.V. cable from power 
110 V. supply and observe I.. If no 
Check Variac output, A-4 to gnd. current noted, replace cable. 
110 V. Cause: Faulty power supply insulation. 
Remote control switch on CP must Tests: If I. noted after test above, power 


supply probably leaks, should be 
checked internally. 

4. Insufficient power supply output. (During 
exposure; max. Variac setting not adequate 
for generator requirements). 

Cause: Variac inside CP set too low. 


be set for panel operation. 
Cause: Improper relay contacts. 
Tests: Relays #1, 2, 3, 5 and 7-CP should 
be thrown. Check voltage to gnd. 
on contacts 5-3, 4; 3-1, 5; 3-4, 
8; 2-2, 5; 2-3, 6; 1-1, 3; 1-2, 4; 


7-1, 2. Test: Raise setting of Variac inside CP 
Cause: Fuses blown. 40—50 V. 
Tests: Check fuse on B-9 in RC. Cause: Low line voltage. 
Check fuse on B-11 in RC. Test: Check line voltage. 110 V. 
Cause: Protectives may be open. Cause: Rectifier valve faulty. 
Tests: Check centrifugal switch on B-9 Test: Check valve filament current. 
and B-15. Cause: Leakage in H.V. lead. 
Check compressor pressurestat or Test: (See II,B,3 above). 
tank pressure. 5. Power supply operation still questionable 
Check pressurestat P-1 on water after above tests. 


Tests: Short H.V. lead to gnd. at spray 
points and observe I.. Discussion 


circulator. (See II,C). 
Check flow switch F-1 on water cir- 
culator. (See II,C). on power supply includes cur- 
Cause: Meter circuit faulty. rents to be expected under these 
Tests: Check I. meter. conditions. 


Check resistance S-1 to gnd. 500 
MEGS. 
Cause: Faulty power supply. 
Test: (See below: II, B, 2, 3, 4, 5). 


WaRNING: On Westinghouse supplies, do 
not short H.V. lead to gnd. except through 
series resistor, 11 MEGS. Otherwise, 
serious damage to the unit is likely to 


2. Valve filament does not light (Main Switch result. 
thrown; main interlock closed; no charging Campbell supplies have internal series 
current observed; no filament glow seen). resistor; so the damage is not likely to 
Cause: No input voltage. occur. 
Test: Check input, A-1 to gnd., 110 V, C. Water Circulator System 
at CP (for CP operation). 1. Motor does not operate (Main Switch 


Check input, A-5 to gnd., 110 V, thrown). 
at RC (for RC operation). Cause: No input voltage. 

Check input, S-2 to gnd., 110 V, Test: Check input to Relay #5-CP, A-l 
at power supply. to gnd. 110 V. 
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Check input to Relay #4-RC, A-5 
to gnd. 110 V. 
Cause: Thermals on Starter #4-RC kicked 
out. 
Test:Check Thermals—reset starter. 


2. Insufficient water pressure (Main Switch 
thrown and circulator running). 
Cause: Leakage in circulator system. 
Test: Check entire system for leaks. 45 
P.S.I. 
Cause: Insufficient water in system. 
Test: Check water level—fill if necessary 


(half). 
Cause: Water input to pump clogged. 
Test: Check. 


8. Bubbles in water line (Main Switch thrown 
and circulator running). 
Cause: Air in water line. 
Test: Flush out system and replace with 
distilled water. 


Ill. X-ray Tube 


A. Filament Assembly and Circuit 
1. No target or emmission current. (During 
exposure or when circuit being tested.) 
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Tests: Check all soldered connections. Re- 
place cathode if necessary. 

Cause: Transformer shunt too close ta 
core. 

Test: Raise shunt and re-check (%”). 

Cause: Insufficient secondary voltage. 1.5 
V. 

Test: Change secondaries or connect in 
series. 

Cause: Transformer rotor below position 
of min. gap when selsyn turned 
down. 

Test: Check—this means that part of sel- 
syn motion merely moves rotor 
through “zero” position. 

Cause:- Selsyn reduction gear clogged. 

Test: Check. 

Cause: Filament generator faulty. 

Tests: Check filament generator output— 


may be too high. 
Check line voltage to see if charg- 
ing belt speed too fast. 


4. Unsteady or erratic target or emission cur- 
rent (during exposure or when circuit is 


Cause: Filament burned out. 

Test: Check continuity—replace cathode. 

Cause: Filament not grounded. 

Test: Check circuit—trans. primary and 
one side of filament should be 
grounded. 

Cause: Micro-switch on filament trans- 
former faulty. 

Test: Check micro-switch with ohmmeter 
(open when arm is down). 

Cause: Filament generator faulty. 

Test: Check filament generator output. 
6 V. 

Cause: Slave selsyn in tank not operating. 

Tests: Check resistance B-1, B-2, B-3 to 
gnd. at power flange in side tank, 
and at CP. 10 MEGS. (See also 
I, A, 4). 

Cause: Filament current control rod faulty. 

Test: Check rod—may be loose, uncon- 
nected, or broken. 

Cause: Filament shorted to cup. 


Test: Check filament leads with megohm- 


meter — 1,000 MEGS. — replace 
cathode if necessary. 


2. Low max. target or emission current (during 
exposure or when circuit is tested). 


Causes: Filament shorted to cup. 
Filament lead resistance to gnd. toc 
small—1000 MEGS. 

Tests: Check filament leads with megohm- 
meter. Replace cathode if neces- 
sary. 

Cause: High resistance in filament or in 
circuit contacts. (.2 ohms.) 
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tested—I+r or Iz may drift, jump, or fluctuate 
—tube not soft). 
Cause: Filament generator faulty. 
Test: Check filament generator output. 
Check line voltage to see if charg- 
ing belt speed is varying. Fre- 
quency—60 cycles. 
Cause: Filament shorting to cup from 
generator vibration. 
Test: Check with ohmmeter, 1000 MEGS.; 
replace cathode. 
Cause: Poor grounding of filament. 
Test: Check carefully all terminal 
grounds. 
5. Incorrect target current (during exposure— 
films seem to be over-exposed consistently). 
Cause: Target current shunted to ground. 
Test: Check resistance B-6 to gnd. 100 
MEGS. 
Check target water leads for any 
leakage, electrical or water. 
B. Soft X-ray Tube 
1. Target current flickers (during exposure— 
not attributed to filament circuit—some- 
times occurs when tube first inserted in gen- 
erator). 
Cause: Tube spark gaps too close, spark- 
ing across electrodes. 
Test: Check by observation — re-adjust 
gaps. 
Cause: Conducting or semi-conducting sur- 
face on glass between electrodes. 
Test: Attempt to clean off—check with 
H.V. megohmmeter — short out 
section if necessary. 1000 
MEGS. 


Maintenance and Repair: Van de Graaff Generator 


Cause: Column resistor fauity. 500—100 
MEGS. 


Test: Short out column section—replace 
resistor. 


Cause: Neoprene connector not fastened. 
Test: Fasten connector to equipotential. 
Cause: Small bursts of vapor from tube 


surfaces. 
Tests: Check tube pressure. (See also 
III,C). 
Put liquid air on main pumping 
lead trap. 


Try to “run in” tube to get hard. 

Lower target current to see if 
effect diminished. 

Lower voltage to see if effect 
diminished. 


2. Gradual build-up of soft current. (During 


exposure—not attributed to filament circuit 
—sometimes after a generator spark or at 
high values of target current and/or voltage.) 
Cause: Slow leak in tube developed. 
Test: Check tube pressure (See Vacuum 
trouble sheet). 


Cause: Insufficient pumping speed. 
Test: See I1,D,2—also Vacuum trouble 
sheet. 
Cause: Vapors accumulating in vacuum 
system. 


Test: Check liquid air on main pumping 
lead trap. Turn off machine to 
allow vapors to be swept away. 
Reduce target current and/or 
voltage to see if effect dimin- 


posure—not attributed to filament or volt- 
meter circuits — sometimes when machine 
first started up or after generator spark). 
Cause: Leak developed in tube. 
Test: Turn off filament and machine— 
check tube pressure (See also 
Vacuum trouble sheet). 
Cause: Insufficient pumping speed. 
Test: See I,D,2—also Vacuum trouble 
sheet. 
Cause: Vacuum system full of vapors. 
Test: Check liquid air on main pumping 
lead trap. 

Allow machine to “rest” to sweep 
gas out of system—turn off fila- 
ment and reduce charging cur- 
rent Variac. 

Gradually nurse back to normal 
again. (See III,C). 


5. No target current or voltage unless charging 


current increased (directly when exposure 
button pushed—operation OK when previous 
exposure stopped—not attributed to filament 
or voltmeter circuits). 

Cause: Target current at max. value with- 
out going soft. When exposure 
stopped, load on charging belt 
decreased, thus increasing fil. 
gen. output and thence filament 
emission. When exposure started, 
emission momentarily too high, 
causing tube to go soft. 

Test: Reduce target current to value less 
close to max. obtainable. 

See also III,B,3 and ITI,B,4 above. 


C. Vapors in X-ray Tube Vacuum System 
1. When tube first installed (entire system be- 
ing pumped). 
Cause: General contamination of system 


ished. Try to “run in” tube to 
get hard. (See also ITI,C). 


3. Sudden burst of soft current—target current 


meter swinging instantly to very high value 
(during exposure—not attributed to filament 
circuit—sometimes after generator spark or 
after a slow build-up as in III,B,2). 
Cause: Leak developed in tube. 
Test: Check tube pressure (See Vacuum 
trouble sheet). 
Cause: Insufficient pumping speed. 
Test: See I,D,2—also Vacuum trouble 
sheet. 
Cause: Sudden release of vapor. 
Test: Check liquid air on main pumping 
lead trap. 
Turn off machine. Reduce target 
current. 
Turn on machine and gradually 
nurse target current back again. 
Try to “run in” tube to get hard. 
(See III,C). 


4. No target current—no voltage—regardless 


of increase in charging current (during ex- 


resulting from being exposed to 
air. 

Test: Put liquid air on main pumping lead 
trap and observe any improve- 
ment after several minutes’ 
pumping. 

Check dry ice in diffusion pump 
trap. 


2. After system has been closed up for several 


days (entire system being pumped). 

Cause: Accumulation of vapors in main 
pumping lead trap and/or diffu- 
sion pump trap. 

Test: Put special liquid air trap on fore 
vacuum and warm up main 
pumping lead trap to transfer 
vapors out of system. Allow to 
pump out for some period of 
time. 


3. In the pump itself (main valve closed). 


(See Vacuum trouble sheet). 
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3 ‘Generator Repair 


‘There is a definite routine to. he followed in’ 
ring ‘the generator, hide: 
remove the tank, aecure ‘the Thain switch and is 
use key C3 in. interlock at the jadder duor AOS 
-pelease’ key. C4 in Relay Cabinet lock. Key CAS 





mr PSS 


yalve is opened under PERE: 


water connection. gaat ne 

Loosen the bolts about. one tare all around. © 
the tank; this causes an even. ‘pressure on all 
the bolts; they can then. he removed. by hand.” 


Soon as possible. Never leave it suspended fr rom 
the hoist. 


termining the cause we: Sparking: | 


and tank; these should. be noted, 


Before replacing the: tank used rs Core Bos 
‘clean eloth and acetone to ive dows the inside Boe BONS SEE Bes ree tnes 
surface, ~~ PEERS AY Re Root CaS Se 
The. jnspection - is. very” important ae ae eset 
Check Mie SESE Oe ROR 
spark: Raps for: Signs. ak sparking. “Bometimes AS ee ale aes (i 
there Bre signs of sparking: between: the. dome - oe ee Sees a ges 
Af there are oye 





_Maintenance and Re air: Van de Sat Generator ; 


Po guides; ‘these are spaced evenly up the. column Cee 
so that every third plane hes belt spacers. 
Figure 140 shows plane with xradient bar only: i eS 
- the tool is used to space the bars, ey 


_ When removing: these planes, there. ‘whould 


‘be’ a. Man on. each. side. of: the colurnn. 
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ja inserted in the tank lock to release the tank Pl@RSS. aie ee oe ees the tubs de so: 
from the base. Remove the voltmeter cable and s: aan oe a Bare, ee a fer fe ae = 
let out the air slowly, blowing out the dry ice ae en inst the: resistor ig removed by the te at 
trap in the lines, Do not open valve number 4 yen on the spring end of the resistor’ which Spur a 
until Lure. is down to atmospheric because is usually the lower end. The third man takes... 


the resistors and places: them-in order as they => 


an separate boxes by the third tian 8p that they 000). 
are not broken. Alwiys rempve neoprene from 9.000" 


Check all bolts before. ‘attempting to raise the — ring before removing plage. . 


tank. Raise the tank very slowly until the base: re 
plate is cleared. Set the tank on the deck as” ”’ 


CESS” takes’ about. anid: hour. 


oil spots any. place in the tank, the eause should ess ‘ oe rm : — tit 


be determined to prevent burning out. bearings, at , 


The cleanliness of the tank should be noted = & 


| an grounds record: - race 
YO When. replacing: iy bale Sete: the: pans nee ay 


rode and corona: bar and torn ‘the: lower SPE 
bar away. from belt. (aa OEE ES nS 
When using pillow block wrenches tower the ARO RR 
top. pulley evenly. ‘and ‘remove... ect 
shows the position’ of the. units ‘on: ‘the: ie oak 
- <quipotential plane: when this plate is removed, Ae uy aa 
Hf should be net aalde: so that it can be worked la 
on if needed. | 
ee hes cnunjnded of the: cone, is 5 built up of 
AH  equipotential ‘planes AS. shown. in ‘Figures’ 139. 
and 140./ Apne t 139: is: the: enane with we belt i 


eaehe 
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yee ry it 8 
me * r 
ps Ee Oe hy « 
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1 since sparking is a fu netion of the belt particles > 
.or the lint that may be in the tank. To remove ~~ 
the dome turn it to the left. 


Measure Phe Seg i 
resistance: ‘between each euuiputential plane. | 


Figure: 138, 


= are. removed: ‘from. ‘the tube, The. sroall ‘allen Sees 
ap iece of rubber hose. ‘This wil ge = seb NCPeWs in! the: glass: spacers and. “gradient pao 
eee par are ‘foosened about: ane turn so that the -. 


rods: can be removed: These should be placed: 


The entire pron “a 
“Then: the. TOWER SOE Ss 
“pulley must be. ER an ‘both sides, and ERE oh ie it 


eS eA 
. eS fpf ‘ , i 
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ft te X-ray ‘tube shows nivits of spavkinee (cases . 


ag ‘should. he éleaned: and. painted: with: Blyptal. 


All of the parts should be cleansed with OC (000.0) 
before replacing... Measure. the. ‘resistance PEE pate 
eS reulalars. poe, arranges ‘80 that t there are At ant a ene 
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2 > Sh’. r, 
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ener 


OP. ip8t pe 





tant & resistors in. she top of. ths a Se Setued _ The lowest resistor shield a s shorter than the : oes 
Te: mepolima, — “Then ‘the. remainder - ES thes others. SS soak 
si reaistirs s should be arranged so that the: highest BAT 
ate iti the bottom of the column. and the lowest - 

“in the: Seat ve resistor. thats Bt aver 








ye eon are 





ip place, the. belt must be tightened. - 


as 2 “Adter the ea: 5 plate} is ‘on ‘the e pulley be 


500 meobms. Ae a cepixtor. is open; it. ean: bes t e First eet the. belt taut; then start the nate ae 
repaired ly sin aquadag. | Tnspect. the resis. en an instant and. observe: the. ‘belt, Raise: PR 


Te ‘ ae fittings: and replave all those that are wors. “the pulley. black that. ‘the b alt/eune. our est to, Lee 
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£ ca 





cle co eye ‘i alate i ee 




































dampened in. “COn to vemove tale and: insert’ 
aver the pulley. | “Adjust: Me My belt ane ean 
; check perrifuaal switch | 





Unie Ps dome, sa: Ghat te es x B, a | 


oe toy plate: then rotate the dome te the right 


“with 125" gauue, Figure 142 shows pie 
enerator completely foailt ap. eee 


the ‘Beach | Russ; then ReCUrE, the: RODENT 


oa “Phutoge sth oF ola: scvcmtty shoving , 
3 fa ict Sit B ‘plane. ithe felt Rete Rages ae 


a tuilding the ‘edlumn the ings shall be 
lowe Hed: slowly into. lace cover the: tube. Be as 
Bure: the ring iT “well seated. aver the insuldtors, a 
‘The: bottom: and: top. insulators | “are - AEN ‘ 
f ‘larger: an. diameter’ ‘oD ANE ‘Sidley check | these 
before. starting. Place: the ‘neoprene Hittiggy | 


1 eae the: groove. The thi mun always. Mandel. 





o> me? 3 oe 





~ wose. drags AN eee ; | a < gma ae Saree GAP, ben 
oe eee ‘Peaintirs: are. ao after “the. bene. jae Ss pga 
hae: been sveured. The spring: end. is ‘lave: i 
: coe wane firsts ‘ ther as fitting: is: ee 3 








‘ Phoatogratde of aaliamin: aeceiy shoving {2 : 
as pHADES swith i eranient bars eee: 2 


round the nulley when 


es tp the: heft, af the eorresponding: eatches: oH: | 


until it: stops. Cheek. to be sure the dome is fo 
oRECUYE “then: PORASDTE the. yesistante: between Hse 
each equipatential plane. dt resistive: fs over 
© SOE: megohnis, short out ‘the. resistor through. eee 
the spark: vap. Adios alk wither opark. gaps. ts 


‘Replace: the tank as. acon as pesaible “Rak ee 
ovaridting with the. compressor. before. ti me 


Maintenance and Repair: Van de Graaff Generator 





TABLE XXXIV 
LUBRICATION CHART 


Week Mo. 


Beach Russ: 


Oil changed .....................0220 kee ee 


Oil line checked ....................0,, we eee x 
Lens Battery: 


Charged ................ 0. eee KA a ws 


PINCG" acini ier ee ec keeeeeces» Baas 


Intercooler: 
Oi ecusrdiivnc ake ties miebanweee + eed 


Diffusion Pump: 
Radiograph .................. 000080000 ee eee x 
Dry ice hop cleaned ............... 1... x 


HyVac: 
Motors oiled .................000 058) ce eee x 
Pump oil level ...................2.00,;0 ee, x 
Change oil ....................... 


Filament generator .................... 
Generating voltmeter motor............. 
Drive motor, pulley bearing ............—........... 
Spot size camera ......................00,0 see eee 
Overhead hoist ........................ 


Elwell Parker Hoist: 
Battery: 


CHAYRE: 2 edi ph eae ies x © seeees 


Electrolyte .... «sd eee ee x 
Lubricate... 


Yale Hoist: 
Battery: 


CARE: e825 ces Peto eebers Sees | 
LUbricate.. 2.27 cereseeseeeese . ~Saeeeg-  Shaabe 


G. E. Chargers: 


1; “(Oll DOATINGS cele eee 0s ee ed 
ZOGIGANY och ac atiidsdm ieee. Daucted trarserbe 


Circulator ._. 


Insulation B6 ......................... XS  «_- eersas 


Distilled water changed ................  —........... x 
Motor greased ..................... sa eee x 


Compressor: 
Filter cleaned .....................0,, ee een x 
Dry silica gel... een x 


Change silica gel .... dd ee 


Motor oiled ...................2.2.00,0,0 ee x 
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‘Chapter AB 


THE C OPERATION oF THE VAN DE GRAAFF GENERATOR 


ee 


“The ve ae Graaf Goneretar erates a ae | es a = crane ue hei ‘aie he a lead 
abe Slesiseenatis el ue egarete ne y ice wt all times. — 









This ae Ra ut ech tance Seg Ee Poe wade 
, a ‘Start aeaiee eich i both in tate SPs 
se by “Purp distilled ‘water. to lens’ coil, ae We fers ez 
: : u oe Pump ifistilled water. through water ck a es 
oa NAC. ing: ie in | operation: 8 to prevent over aboot: the. gold x-ray ‘target. The: gauge: ‘On © 2 

“Gadinie ‘the: pene “ar the: % -eureulator. ‘should. vead, ae 2S: yr and. ie: level rans 4 
too much: current ‘and ‘voltage. _ The maxi should be ly full: : | . 

| atte eiiee be 2 million: salle ab 209 tbs. eo a ‘Start ‘generating suitinnder. motor: ai De 2 ath 
ee ‘Wight the Rann of SH6 tubes in “voit SN 











8, Power to all elect tica ieieloci SENOS Es 


~The is check list cahinen Tate 38 aod oh Power to then magnetic. ens sil aN enteeay 


“be tollawed ¢ each time: ‘the. ething ce Aaried., 












aa Power. to the. thotur switch. - he pa Ny At 


ee Be Mey C1 is bse ta, A: the time, diay 











When. the. keversian’ i tan for tele e ung 
> pophie: work’ bes following. meocedore: should Be 
se followed >. reed oN a 
She ‘The conten anon ‘be started 66. bring a se Bi oe 
ihe pressure up ty 200 P90 gauge. ‘This will §R i 
“reduce: possibility of eleetrival breakdown of the oo Be . >. 
- fnwalating medium. | (8S > ee 2 
2. The ‘midigture ‘eontent oe ait ue: be! eee = F 
_ checked ‘by, the hyerometer, This. Feelin. must a i re 
be Oa rains, per cu. ft, or esas isos st os ae Sys 
S. The” vacuunr ‘pressure. of the: na: tube. oe a. er 
“yma be at Yeust: LOS 10% mm, ‘He. or better; ee 8 ae 
fore. Vat should. be. OL cam: he: “Do nat aperate aoe s: 
aber thear Janie. Creation. oe aaa Oi, ee 
Ss  Rament. AES ye 
a > The: ‘coating. calf on ‘he mercury. 5 dittisian: ee ee 
oe “pump: should: be slightly. below roar “tempera- oe 
ture while the lower: section of. the: pump. Should 
he slightly: above: room: temperature. « a ‘This Seat ee 
eos “ean ‘be. made: hy feeling with the hand. ; at Ree 
tae The: vapor. trap: below: the diffusion pump: ye 
a ~ should be immersed in. liquid: air to. improve the be ; dias pe 


“pumping speed and trap out the gases.” Amines see sie * Mae 
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Portis iutetaieiuiemnnaenbatce eels, | nah einen ede iat nis tet tena da ip eki zon t An Menshlatialt 
Max, <1, <Obtainable’: :.,.2 20a: semtdammnen 8 aa nein ean Be iistecrtese cody atieesten ele eaten ences, aemeeeeeatas 
AZO MY, Under lond?: Tic Gite aie ieee Nr eas cerca antennas neeeehieatcae 
We etic Matte nama ieliitae aR eet a Pes cl ch teat ear me 
A Besa Sanaa Nal Re el ae cool 
Remarks Oi.. Perl Ormance § 1065s ohe tivnieet Saeed Maja < Oe ae an 14a ed AGG Cin Loe At diate tana tan cae eh Aaah aa See ie 
Generator Use: (Book... ............... Page... Ve gate! sptecentgMinianinn: <avuhtacatudncid lane Marnt noun a eug Guife Srna tated 
Securing Time.......... ....... Me eogitt ah diem reece Tank Pressure: 0 eens. 
High Vacuum: ...... i ee Fore Vacuum. ........... ee ee shi Ptieaees smiatanewees depaeeacticegsiaa 
Diffusion Pump Dry Ice Gli nscettes sutttennensettettcessstnng ccuansstttesannite tunnasessiniite 
Batteries on Charger (J 
Remarks Regarding Securing si cccccccssecssssssessssssnssntecssscsumuasseeecusesesenessensnmseseee cs 
Any observations, changes, maintenance to be recorded on following pages. 
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b Starts: tobe timer. | eee ye ys 

» Puts: power on variate. Ee apes 
The control. panel is: shown in. ‘Pigure: 135. 
This contains, all the e gontrols to the generator. 
i voltage: is adjusted By 
- the variae -Aransformex: knob (marked VOLT. 
AGE SOSTROL) at in ek . eft, Tene fore 
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“The incegnetio tens switch ¥ may. now te S hinned:: 
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Securing _ 


Before shes ilies: ae £ the: Spntced panel ‘are: 
secured. the voltage control and target control 
Knobs s hould: be turned to gera. This prevents 
any possibility of putting: voltage and current ee: 
: on a benerator w pressing - “the start. ‘button 7 Rauee, ‘the: vacuum ‘schedale Pay be consulted 
switeh, © This might: bury: out the Hlanient ant, as 
ee break down the insulation an: the. eolumn. Oo ae 
e The magnetic lens battery: may be charged. nes 
Shy tarniog on the dateny: charger switch Ome Bs a8 
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aoe re the: control panel. 


: maine constant. 


: myst: he sriall 
- elosed: capillary. 3 


So ‘McLeod Gauge , 
The McLeod gauge fsa vacuum gwuge towed = 8 
on the Trinbiple: at Boyles’ Law, which tae | 


a ‘Hines. the voluisne iy “equal to the ea pressure = 
times: the second. volume if the: temperature ren Se 
pes Since the pressures in. theo % eee 
_waenune syatem are very fow, the’ second valume ee 
This is done by. aSing a small” 
| The. mmerctiry in the pot on. 
2 the right ie 4. Means | “ne: applying. ‘a definite ae 
Pressure on the yolumes of. air in nhe. two bulbs. Ss 
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tween 1.0 and OL millimeters: at meraury. Bs 
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| When ‘Opening the ‘vacuum, capatea: yemove the | 
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‘paratus which: serves to measure the moisture Pees rag & 
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-Wered mirror at the: hase of a cup in the atrao-). 
sphere of the tank, This mirror, when: gathe oe 
< clently vonled, will condense moisture from the 
= £6. be: sure to get a wood sample | 
of air, the: larire valy dé, No. 6. should: be wide’ > 
“One. and small ane, “Nh. 3), / eracked enough £0 


: content: of the tarik air. 
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aa ee the microphone.” 
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-. awill-be we scraping noise,” ‘The: motor should a 
5 stopped: and pulley adjusted. any ae Bos 
Ws gives rod. breaks, the fragment will pee On enter these areas, without the operstor bemg 9 
“cognizant. If the Jocks are operated properly ee 
_ the only: agor than ean: be’ opened. ds the control 
room daor.” 
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Ht the column is, ‘dirty d due to belt. mater ial in 2 
ie. tank should, be, ts 


. 54a" 


rey te 


Viste 






cmormal. sae it, should be sees Ba 
ae ge ESS personnel... 








: “Dificultiea ; are  somatintes sndicnied 





| “ably cause | a ‘glicking — noise. This. condition © : 
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: Safety Devices 
ee Since the. exposure to radiation is injurious © ee 

eS te personne). there are several, safe measures” we eT 
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‘This system hee pre a warning: when — 


the tube is in danger: of Josing its vacuum, (See 
diagram shown in Figure 149.) - 3 | 
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ihe San is @ BB: volt D. Fie ‘Horn that wilt: 


elas when (1) water pressure drops - belaw °°. 
: normal, (2) belt-on pump. breaks, ar BI ‘Dewees * 
Tails on the pumping systems. © c 


The pomping system consists of twa. pumps: oe 


A moter. 


ot this: moter fe enrinected to: the’ fly. wheel of 


by 


aes se there is power to the heater. 
Mts The heater. is operate, water must be- flowing to: 
TS > the heater te cool it, | 
fe i amuist first yo through a pressurestat. 
Rater pe pasure must be flowing through the 


the pump. This fy wheel on the: ‘pomp has ao 
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The mercury diffusion: punip. Suaruten as ont cise 
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Operation: Van de Graaff Generator” 
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bien returning. on Me eontpleting the efreuit, tS 
ne This: aetion ‘alse puts: 5. amp fuse. wire | “ACrOSS: 
DN and MS (22 volts) and burns it iv two, thus. 
j _pimehing of tube. The horn will stap. blowing: | 
As only when. the D. PD, T, ‘switch: ig. thrown and: 
° ped lights are : burning. Replace fuse wire and: 
when trouble is over, switch on Synite Jights.. : 
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| The Van de Graaft generator: aS. a a radiogra- oe 
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=< Tf the power Or Atte, helt: fails. on the Hyves 
| pump. (82) from switeh feeds 3 32 volt positive aie 
D.C. current to the conturif tagall awite han pump =. 
fly: wheel: This switelt is’ now: ‘elosed and puss 
current inta horn returning on (M8) eoniplets “| 
ing the circuit and blowing: the horn. - This alsa am 
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Contrast, Latitude and Exposure Time: 


The variation. of conteast and. tatitode with. 
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am indonesian The: ‘exposure fae: ie: ‘greatly 
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Chapter 17 


THE OPERATION OF THE GENERAL ELECTRIC OX-400 
X-RAY GENERATOR 


The General Electric OX 400 is made up of 
two main units: 

1. The tube head which contains the oil im- 
mersed tube, high tension transformer and fila- 
ment transformer and to which is secured the 
oil circulating system and oil expansion tank. 
This unit is mounted on a 4 wheel truck and has 
a hand crank for changing the elevation of the 
tube. 

2. The control stand contains the switching 
gear, meters, timer, auto transformer, inverse 
reducer, fuses, indicator lamps, filament volt- 
age stabilizer, tube time meter, etc. (See Fig- 
ure 93 for picture of machine.) 


Operation of Unit 


The following steps should be taken in plac- 
ing the machine in operation: 

1. Check shutter indicator lights to be sure 
shutter is closed. If it is open, check timer 
switch located beneath the timer. 

2. Turn filament control rheostat until it 
points between 45 and 50 for 5 M.A. operation. 

3. Depress the “On” line switch button. It 
will be necessary to hold the button in for a 
few seconds until the oil circulating pump has 
built up enough pressure to close the low pres- 
sure trip switch contact through the already 
closed contact of the high pressure trip switch. 
The line contactor is then held in by its inter- 
lock. 

4. Set the auto-transformer tap selector to 
the proper point to produce the desired KV at 
the tube (see Table XXXVII). The setting 
should be higher than the desired voltage by 
the amount of the voltage drop due to the regu- 
lation of the power line and inverse reducer. 

5. Make sure the rheostat control is set at 
button #1. This insures that all the resistance 
will be in the primary circuit of the high volt- 
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age transformer, thus preventing any undue 
voltage surges in the high voltage circuit. 

6. Depress the “On” x-ray switch button to 
close the magnetic switch which completes the 
circuit to the primary of the high tension trans- 
former. The x-ray contactor closing circuit is 
fed through a switch which must be closed by 
the rheostat control being set on button #1 
to insure that all the resistance is in the circuit 
on starting. 

7. Simultaneously adjust the filament con- 
trol to give the proper tube millamperage and 
slowly cut out the rheostat. The rheostat 
should be cut out at such a rate that it will take 
one minute to completely cut it out. A greater 
part of this time should be taken up after the 
kilovoltage has reached *4 of its final value. 
This time is especially important when the 
machine is cold. 

8. Set timer to the desired length of exposure 
up to 20 minutes by the knob extending through 
the dial face. 

9. Open the radiation shutter by depressing 
the shutter “On” button. When the shutter is 
completely open, the red (shutter open) indi- 
cator light will come on. When the exposure 
time is up the timer acts to close the shutter. 
The shutter on closing completes the circuit 
through a set of contacts to the green (shutter 
closed) indicator light. 

10. De-energize the x-ray circuit by depress- 
ing the x-ray “Off’’ button. This breaks the x- 
ray contactor hold-in circuit. 

11. De-energize the control stand by depress- 
ing the line “Off”’ push botton. The “Off” but- 
ton breaks the hold in circuit of the line con- 
tactor. The line switch should not be cut out 
until at least one minute after the x-ray circuit 
has been de-energized to allow the oil circulator 
to cool the tube anode. 


| Operation: General Electric OX-400 X-Ray Generator 


Viscosity Regulator 


The unit is also equipped with a circulating 
oil preheater which is a thermostatically con- 
trolled electric heater in the suction line of the 
oil circulating pump. The heater is energized 
by a tumbler switch on the control panel and is 
paralleled with a red indicator light. If the tube 
head temperature is very low the preheater 
should be turned on before energizing the con- 
trol stand. The control stand may be turned on 
after the red indicator light goes out, indi- 
cating that the heater has cut off and the oil is 
warm enough. 


Notes on Operation 


Always make sure the auto-transformer tap 
selector 1s centered on its contacts. 

Never change the setting of the auto-trans- 
former tap selector while the x-ray circuit is 
energized. 

If the tap selector is not centered or is 
changed during the exposure, excessive over- 
loading of a portion of the contacts or induc- 
tive arcing will cause burning of the contacts. 


Focal Film Distance 


In radiography of anything up to the equiva- 
lent of 1 inch of steel it has been found that by 
using a focal-film distance of 12 feet the results 
were much better and the exposure times not 
excessive. By using this long focal-film dis- 
tance it is found that the fuzziness of line 
caused by the large focal spot is eliminated and 
the distortion, especially in large objects, is 
decreased considerably. 


Tube Current 


In order to obtain the highest radiation out- 
put the machine is usually operated at maxi- 
mum allowable tube current. Following is a 
calibration chart showing tube Kv.P, with cor- 
responding voltmeter readings and allowable 
tube currents. 


TABLE XXXVII 
Voltmeter Readings 


Tube Kv.P Under Load 
100 55.5 
Not over 110 60.5 
120 66 
2 Ma. 130 71.5 
140 17 
150 82.5 
160 88 
170 93.5 
Not over 180 99 
190 104.5 
200 110 
3 Ma. 210 116 
220 121 
230 127 
240 132 
250 138 
260 143 
270 149 
Not over 280 154 
290 160 
300 165 
310 171 
4 Ma. 320 177 
330 182 
340 188 
350 193 
Not over 360 199 
370 204 
5 Ma. 380 210 
390 215 


400 220 


Focal Spot Size 


The projected focal spot is 4.5 millimeters 
square. In Chapter 11 there are two reproduc- 
tions (Figures 105 and 106) which demonstrate 
the fuzziness of lines due to focal spot size in 
the 3 ft. radiograph and the absence of fuzzi- 
ness in the 12 ft. radiograph. These radio- 
graphs also demonstrate the large amount of 
distortion in the 3 ft. radiograph and a very 
small amount in the 12 ft. radiograph. 


Radiation Output 


The radiation output at 400 Kv.P, 5 Ma., 12 
ft. from the focal spot is 90 roentgen units per 
hour. The radiation output at any other dis- 
tance may be approximated by the use of the 
Inverse Square Law. 


153 


Handbook of Ordnance Radiography OP 1681 


Absorption Coefficients. 
Following is a table showing the measured 


absorption coefficients and effective Kv. of the 
machine: . 





TABLE XXXVIII 


MM. Cu. Linear 
Kv. P Filter Material u 
400 4 Pb 10.5 
400 4 Cu 1.325 
400 4 Fe 1.025 
400 4 Al 291 


Kv.P 
Mass Ef. Ef. 1.3 2 Kv. 
u/p Wave-length Kv. Ef. 
925 0485 258 336 
.1485 .048 260 338 
185 .048 260 338 
112 .048 260 338 


—_— eee 


Technique Charts 


Technique charts for steel and aluminum 
at 400 Kv.P are shown in Figure 92. 

The following are half-value layers at 400 
Kv.P if this system of determining exposures 
is to be used. These measurements are without 
filtration. 

Aluminum 1.5” 
Steel .25” 
Wiring Diagram 

A simplified wiring diagram showing only 
the main x-ray circuits is shown in Figure 158. 
There are a large number of control and pro- 
tective circuits but it is felt that they can be 
better followed on the large complete blue 
print. To prevent a large inverse peak voltage, 
that is, a higher than normal voltage on the 
half cycle that the x-ray tube is not conducting, 
an inverse peak reducer is used. This consists 
of a resistance and “tungar” tube in parallel 
in the primary circuit of the high voltage trans- 
former. During that half cycle that the x-ray 
tube is conducting, the “tungar” tube is also 
firing, and so, carries most of the primary 
current but in the other half cycle the “tungar”’ 
tube does not fire so the primary magnetizing 
current is fed through the resistance alone. 
Due to the IR drop in the resistance, the voltage 
across the primary winding of the high tension 
transformer is reduced with a consequent re- 
duction of the secondary voltage. The unit is 
also equipped with a Raytheon voltage stabil- 
izer in the x-ray tube filament circuit to main- 
tain a steady filament current in spite of 
flucatuating value of line voltage. 


Copper .10” 
Lead .016” 


Troubles and Remedies 


Following is a list of some of the more fre- 
quent troubles and remedies: 
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a. Line contactor will not hold in or chatters 
when line switch “On” button is depressed. 
This usually happens in cold weather when the 
oil thickens and its cause is the opening of the 
high pressure oil trip switch. The remedy is 
to preheat the circulating oil by means of the 
viscosity regulator or heater. 


b. Inverse reducer resistance heats up 
causing warm spot on panel front. This is 
usually caused by poor contacts somewhere at 
the “tungar” tube so that it is not carrying the 
load current properly. Remedy, screw tube 
firmly in socket and make sure of good contact 
on top plate contact. Renew tube if “burned 
out”. 


c. Timer does not close shutter. This quite 
often is caused by the timer switch being in the 
wrong position. Remedy, turn timer switch 
on. 


d. Green shutter closed light does not come 
on. Occasionally this happens and is usually 
caused by the shutter sticking mechanically 
and so does not close the contacts. The remedy 
is to remove the shutter cover and free shutter. 


e. The x-ray contactor does not pull in when 
the x-ray “On” button is depressed. This in 
practically every case is caused by the rheostat 
not being at contact +1 to hold the protective 
switch closed. The remedy is to move the 
rheostat control to contact #1. 

Safety Devices 

These features are divided into two classes 
(1) electrical and (2) radiation. 

(1) Following is a list of the electrical 
safety devices and features: 

a. Shock proof head. The high voltage 
equipment is mounted within the tube head 
which is at ground potential. 
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b. High and low pressure oil trips in oil 
circulating system. 

c. Overload switch to prevent overloading 
X-ray circuit. 

d. Fuses to prevent overload on whole 
machine and certain other circuits. 

e. Protective switch to insure all resistance 
being in on starting. 

f. “Dead Front” control panel. 
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(2) Following is a list of radiation pro- 
tective devices and features: 

a. Shutter over tube port to absorb radia- 
tion except during actual exposure. 

b. Small radiation leakage from unit due to 
lead sheet masking in the head. 

c. Provision for door interlock to prevent 
energizing the x-ray circuit when target room 
door is open. 
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Operation: General Electric 250 KV Unit 


Should it be desired to operate the x-ray tube 
without control of exposure time by means of 
the timer, the timer switch is left in the “Off” 
position, and the exposure is started and 
stopped by pressing respectively the “On” and 
“Off” buttons of the x-ray push button station. 
The resistance control has twenty-three 
points of control and controls the amount of 
resistance in the primary circuit of the high 
voltage transformer. It is used in starting the 
X-ray exposures and also to control the voltage 
supplied to the x-ray tube when variations 
occur during an exposure. When the control 
is on position 1, the entire resistance is in 
circuit, and on position 23 all resistance is cut 
out. To insure that the x-ray tube shall be 
energized with all resistance in circuit, the 
X-ray switch is interlocked with the resistance 
control so that the latter must be on position 1 
before the x-ray tube can be energized. 
XRAY CONTROL CIRCUIT 
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Tube Head 


The tube head contains the x-ray tube, the 
high voltage transformer, and the x-ray tube 
filament transformer, all immersed in oil. 

The x-ray tube has a focal spot with effective 
size of approximately 5 mm. x 5 mm. The 
x-ray tube is made for self-rectified operation. 
That is, it is connected directly to the terminals 
of the high voltage transformer except for the 
inclusion of a protective ballast or surge resist- 
ance, and it is cooled by forced circulation of 
oil through passages located immediately be- 
hind the target on the anode. 

The high voltage transformer is a closed 
core type and is operated with the center of 
the secondary held permanently at ground 
potential, thus the use of a milliammeter con- 
nected directly into the high voltage circuit 
for measuring the x-ray tube current, yet per- 
mits the meter to be mounted in the control 
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Oil Cooling Unit 


The oil cooler forces. oil under considerable 


pressure through a cooling coil located in the 
anode of the x-ray tube immediately behind the 
target. The oil is conducted to and from the 
tube through flexible hoses. On returning from 
the x-ray tube it passes through the radiator in 
the oil cooling unit where the heat picked up 
from the tube is removed. 

The oil-cooling unit consists of a radiator, 
specially adjusted oil pump, and electric motor, 
ventilating fan, and two pressurestats. The 
pressurestats prevent operation when the oil 
pressure rises too high, as in case of blockage, 
or falls too low due to failure of the oil cooling 
system or oil hoses. 

Three hoses are used between the oil-cooling 
unit and the tube head. Two of these carry the 
cooling oil that is circulated through the anode 
of the tube. The third permits oil to flow be- 
tween the tube head and radiator as it changes 
volume due to changes in temperature. The 
radiator in the cooling unit acts as an expansion 
reservoir. 

The oil level is observed on the oil level gauge. 
Oil may be added to the unit by removing the 
radiator cap. 

A breather permits escape or entrance of air 
into the oil cooler as the volume of oil changes. 
It reduces the contamination of the oil by pre- 
venting the admission of foreign materials as 
the unit “breathes’’. 


Operation 


The OX 250 may be operated continuously 
at 250 Kv.P 10 ma when operating at lower 
voltage the tube current should be reduced to 
avoid burning out filament. 

The procedure for operation is as follows in 
step by step. 

1. Turn the filament control well down 
toward the zero position. 

2. Close the line switch. 

3. Set the kilovolt selector to produce the 
proper kvp. 

4. Turn the resistance control to button 1. 

5. Set the exposure timer to the desired time 
valve. 

6. Turn the timer switch on. 

7. Close the x-ray switch. 
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TABLE XXXIX 


CALIBRATION CHART FOR OX 250 INDUSTRIAL 
X-RAY UNIT WITH FORCED OIL COOLING 


For 5 ma. For 8 ma. For 10 ma. 
Voltmeter Voltmeter Voltmeter 
Useful Reading Reading Reading 
Kv.P Under Load Under Load Under Load 
60 59.0 61.5 62.0 
65 63.0 65.5 66.0 
70 67.0 69.5 70.0 
75 71.0 73.5 74.0 
80 75.0 77.0 78.0 
85 79.0 81.0 82.0 
90 82.5 85.0 86.0 
95 86.0 84.0 90.0 
100 90.0 93.0 94.0 
105 94.0 96.5 98.0 
110 98.0 100.5 101.5 
115 101.5 104.0 105.5 
120 . 105.5 108.0 109.5 
125 110.0 112.0 113.0 
130 113.0 116.0 117.0 
135 117.0 120.0 121.0 
140 121.0 124.0 125.0 
145 125.0 128.0 129.0 
150 129.0 131.5 133.0 
155 132.5 135.5 137.0 
160 136.5 139.5 141.0 
165 140.0 143.0 145.0 
170 144.0 147.0 148.5 
175 148.0 151.0 152.0 
180 152.0 155.0 156.0 
185 155.5 159.0 160.0 
190 159.5 162.5 164.0 
195 163.0 166.5 168.0 
200 167.0 170.5 172.0 
205 171.0 174.5 176.0 
210 175.0 178.0 180.0 
215 178.5 182.0 184.0 
220 182.5 186.0 188.0 
225 186.0 190.0 192.0 
230 190.0 194.0 196.0 
235 194.0 197.6 200.0 
240 198.0 201.5 204.0 
245 201.5 205.5 208.0 
250 205.0 209.0 212.0 


CAUTION: ALWAYS OPEN THE X-RAY CON- 
TACTOR SWITCH BEFORE CHANGING 
THE SETTING OF THE AUTO- 
TRANSFORMER CONTROL. 


8. Simultaneously adjust the filament con- 
trol to give proper milliamperage and advance 
resistance control to 23. 

9. Adjust tube current from time to tim 
by filament control. 


10. The exposure timer will terminate the 
exposure. 

11. Deénergize the control unit. 

12. Turn the filament control toward zero 
position. 


Maintenance 


1. Check inverse reducer tube once a month 
for secure connections. 

2. Check oil level once every three months, 
and oil motor, and fan bearings. 

3. Clean oil strainer every six months. 
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Operation: General Electric 250 KV Unit 


4. Timer should be oiled once every six 
months. 


NOTE 

The minimum kilovoltage at which the x-ray 
tube can be operated at 10 ma is specified on 
a separate instruction sheet furnished with 
the tube. If it is desired to operate the tube 
below this minimum kilovoltage, the filament 
regulator should not be raised above that set- 
ting a which 10 ma is obtained at this kilo- 
voltage. 
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Chapter 19 


THE OPERATION OF THE KELLEY KOETT 150 KV UNIT 


The Kelley Koett 150 KV unit consists of the 
following parts: 

(1) The portable type control unit which 
contains the meters, auto-transformer, main 
switch, filament control rheostat, auto-trans- 
former tap selector, fuses, etc. 

(2) The shockproof high tension trans- 
former, a single container in which is immersed 
in oil the high tension transformer, filament 
transformers and two rectifier tubes. 

(3) The interconnecting cables of which 
there are four between the control unit and 
transformer with polarized plugs on their ends 
that engage in only the proper sockets on the 
units. There are two high tension cables which 
connect the x-ray tube and transformer unit. 
These cables have special insulating connectors 
at each end to insulate the high voltage. There 
is also one cable to the control unit from the 
power source which has a polarized plug that 
fits in its proper socket on the control unit. 

(4) The Industrial Thermax x-ray tube 
which is oil immersed, shockproof, single focus 
and having a flexible cooling coil in the oil 
space through which tap water is run. The 
tube head is provided with a bellows arrange- 
ment to allow for oil expansion. 


Operational Instructions 

1. Turn on cooling water to tube if no mag- 
netic water valve is used. 

2. Turn main line switch to “On” position. 
This energizes the control panel and the fila- 
ments of the rectifier and x-ray tubes; and 
magnetic water valve if used. 

3. Set auto-transformer tap selectors to 
give desired Kv.P at the x-ray tube. This 
proper setting can be obtained from the chart 
showing x-ray tube Kv.P vs. transformer pri- 
mary voltage shown on the voltmeter. 

4, There are two tap selectors mounted on 
concentric shafts. The selector with the 
knurled knob makes adjustments in 3 volt steps 
and the selector with the handle makes adjust- 
ments in 20 volts steps. 
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5. Set timer to desired exposure time up 
to 15 minutes. 

6. Close x-ray toggle switch. 

7. Check setting of filament control to see 
that it is set to a point not higher than that 
which will give the desired tube current. 

8. Bring rheostat control all the way 
around to the START position. This closes 
the REFERENCE switch which completes the 
magnetic contactor closing circuit. The mag- 
netic contactor in closing completes the circuit 
to the primary of the high tension transformer. 

9. Simultaneously bring the rheostat con- 
trol around to the OPERATE position and ad- 
just the filament control to obtain the desired 
x-ray tube current. 

10. Maintain proper tube current during 
the exposure by adjustment of the filament 
control. 

11. When the timer “runs off” it breaks the 
circuit to the magnetic contactor coil, thus 
securing the x-ray circuit. 

12. After the exposure has terminated, the 
x-ray toggle and main line switches should be 
turned OFF. 

NOTES 

1. Always make sure the auto-transformer 
tap selectors are centered on their contacts. 

2. Never change the setting of the auto- 
transformer tap selectors while the x-ray 
circuit is energized. 

3. Before operating at higher than 100 
Kv.P the x-ray tube has to be warmed up. 


The ‘warming up” is accomplished by 
energizing the x-ray tube for at least 14 minute 
in 10 Kv.P steps above 100 Kv.P. 

4. Always make sure that cooling water is 
on to the x-ray tube before making an exposure. 


Focal Film Distance 


It has been found that the exposure times 
are not excessively long when radiographing 
anything up to the equivalent of one half inch 
of steel thickness at a focal-film distance of six 
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Operation: Kelley Koett 150 KV Unit 


verse peak” in this unit is the use of two recti- 
fying tubes, one in each high tension line to 
the x-ray tube and arranged in such a manner 
that both “fire” only during that half cycle in 
which the x-ray tube is conducting. During 
the other half cycle the rectifying tubes are 
non-conducting therefore completely insulating 
the x-ray tube from the high voltage trans- 
former. The “inverse peak” is an abnormally 
high voltage peak occurring during the no-load 
half cycle in which the x-ray tube is not firing. 


3. It has happened in some cases that the 
water hose connecting nuts have been tightened 
down too much on the x-ray tube, causing the 
flexible water cooling tubing connection to 
turn in the tube housing, thus allowing the oil 
and water to mix. This mixture has a very 
low resistance, so that when the voltage is 
applied to the tube, there is very violent arcing 
in the tube housing between the tube connec- 
tions and grounded tube housing. Use care in 
making the water hose connections to the tube. 


TABLE XL 
Kv.P 
mm. Cu. Linear Mass Eff. Eff. 1.38 x Kv 

Kv.P Filter Material u u/p wave-length Kv. Eff. 
150 2 Pb 31.8 3.8 105 120.7 160 
150 2 Cu 3.64 .408 115 110 140 
150 2 Fe 2.49 328 1125 111 144 
150 2 Al 43 .1655 1125 111 144 


Troubles and Remedies 


1. The greatest amount of trouble experi- 
enced in this unit is the breaking down of the 
insulation in the high tension cables, cable con- 
nections and in the x-ray tube itself. The rea- 
sons for this breakdown are usually moisture 
on cable and tube connections or unbalance of 
the two rectifying tube filaments causing high 
voltage peaks. To prevent moisture on cable 
or tube connections, first clean them with a 
cloth moistened with carbon tetrachloride be- 
fore assembling the unit. After the connec- 
tions are cleaned they should have clean white 
un-medicated vaseline spread over their sur- 
faces with a dry wooden pallet. This prevents 
moisture from getting in and provides a “vapor 
lock”. In case of rectifying tube filament un- 
balance, the filaments should be set to operate 
at their proper voltage (10v) and current 
(11.5 amps) by adjusting the adjustable resis- 
tors in the control panel. 

2. Some difficulty is experienced with the 
control and power supply cable connections. 
In some instances the female connections have 
spread enough to open the circuit. These con- 
nections can sometimes be bent back in place 
but in other cases especially when the connec- 
tions have been burned by arcing, the connec- 
tion will have to be replaced with a new one. 


4. In case of a very violent spark on the 
high voltage circuit the overload relay operates 
to open the x-ray control circuit. When re- 
suming operation the relay will have to be reset 
to again complete that portion of the x-ray 
control circuit. 


Safety Devices 


This machine has no radiation safety devices. 
There are some electrical safety features which 
are listed below: 

1. The power supply to the unit, the tube 
filament circuits and the x-ray control circuits 
are fused to protect against overload. 

2. The x-ray circuit is protected from over- 
load by an overload circuit breaker in the pri- 
mary circuit of the high voltage transformer. 

3. The high tension circuit is protected from 
voltage surges on starting by a rheostat in the 
primary circuit and a reference switch con- 
tact which is made when the rheostat is turned 
to the position of maximum resistance. 

4. All external parts of the unit are 
grounded to prevent electrieal shock. 


Fluoroscope 


The fluoroscopic unit consists of a light tight 
booth with a lead lining around the lower part 
to absorb the radiation from the tube. The 
x-ray source is a Kelley Koett 150 Kv.P unit 
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with the control panel mounted in the booth. 
The fluorescent screen is covered with two 
pieces of lead glass and the edges are masked 
with strips of lead to prevent leakage of the 
x-ray into the booth. Located beneath the 
screen is a spring loaded sponge rubber mount- 
ing for objects with a control knob inside the 
booth so that the object may be rotated while 
viewing. The x-ray tube is mounted to give a 
screen-source distance of 30 inches, which is 
the maximum possible with this set-up. 


Operation 


The operation of the x-ray unit is the same 
as that previously given for this unit except 
that there is no magnetic water valve for the 
cooling water. In this case the water valve 
has to be turned on and off by hand. The object 
can either be set up in the rotating device or 
laid on a thin piece of plywood for support. 
The beam of radiation should be coned down at 
the tube so that it just covers the object being 
viewed. The coning is accomplished by ad- 
justing the position of lead plates placed in 
front of the tube. The x-ray tube should not 
be shifted nearer to the screen because the un- 
sharpness of line due to focal spot size is very 
evident, and the distortion is very objection- 
able especially in thicker objects. 


Viewing 

Due to eye fatigue, one person should never 
be required to view the screen for any pro- 
longed period of time without intervals of rest. 


Before viewing the screen, in order to obtain 
the best sensitivity, the eyes should be dark 


166 


adapted. A_ discussion of production of 
fluorescence and eye accommodation may be 
found in Chapter 3. In the case of irregularly 
shaped objects it may be necessary to mask 
parts of the screen with cardboard or stiff paper 
in order to cut down the background screen 
intensity. It has been found that a film of thin 
clear oil between the two lead glass plates very 
effectively reduces the double refraction of the 
image on the screen, caused by the double thick- 
ness of glass. 


Treatment of Lead Glass 


Lead protective glass when subjected to 
radiation over a period of time gradually takes 
on a brown tint. This discoloration causes 
blurring of the image, thus decreasing the 
sensitivity obtainable. The brown tint may be 
removed from the glass by placing it in an 
oven at about 350°F. At the end of several 
hours baking the discoloration will have disap- 
peared. 


Maximum Viewable Thicknesses 


The thicknesses will vary with the Kv.P used 
and the material being viewed. The machine 
normally is operated at the same tube current 
regardless of Kv.P. 

Following is a chart showing the upper 
range of thicknesses of different materials that 
can be comfortably viewed at 150 Kv.P and 
5 M.A. tube current and sensitivities: 


5 mm. Copper .......... 10% Sensitivity 
7 mm. Copper .......... 15% Sensitivity 
3-% in. Aluminum ...... 15% Sensitivity 
5 in. Steel ............. 14% Sensitivity 
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THE OPERATION OF THE 85 KV WAITE AND BARTLETT 
MEDICAL UNIT 


This unit has the control panel, transformer 
and tube head mounted on a single, movable 
stand. The tube is of the air cooled self recti- 
fying type and is mounted on a horizontal 
boom which slides on a vertical pipe to give an 
adjustable vertical focal-film distance. The 
control panel is equipped with a voltmeter, 
which indicates primary voltage, an ammeter 
in the filament circuit, a line switch, an x-ray 
and timer switch in parallel and a milliammeter 
indicating the tube current. The transformer 
unit is oil immersed and consists of a filament 
transformer and a high tension transformer 
of the split secondardy type. See wiring dia- 
gram, Figure 168. The unit was designed to 
operate at 42.5 to 85 Kv.P but in order to obtain 
half that Kv.P the 110 V. supply was connected 
across the 220 V. supply to the auto-trans- 


former. 
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FIGURE 168 


Operation 
1. Plugin supply lead to a 110 v. A.C. source 
and connect ground wire to a suitable ground. 
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It will be necessary to plug the supply lead in 
with the proper polarity because one side of 
the line is grounded in the machine. There 
is a lamp connected in series with the ground 
lead which lights if the supply lead is con- 
nected with the wrong polarity. 


2. After making sure that the filament lead 
wires to the tube are not shorted together and 
that the filament control is turned all the way 
down, close the line switch. 


3. Adjust the auto-transformer tap selector 
to obtain the proper kilovoltage. 

4. Adjust the filament control until the 
proper ammeter reading is obtained to give the 
desired tube current. This reading is approxi- 
mately 

54 for a tube current of 5 M.A. 

59 for a tube current of 10 M.A. 

61 for a tube current of 15 M.A. 

63 for a tube current of 20 M.A. 

65 for a tube current of 25 M.A. 
5. Begin the exposure by either closing the 
x-ray switch or operating the timer. The 
timer when operated, automatically terminates 
the exposure after the desired time has elapsed, 
up to 12 seconds. The x-ray switch is a manu- 
ally operated switch, so it must be closed at 
the beginning and opened at the end of the 
exposure. Because the x-ray tube is air cooled, 
there is a limit to the amount of heat or length 
of exposure it will stand. According to the 
manufacturer’s specifications it should not be 
required to store more than 100,000 heat units 
(Kv.P X Ma. S). Figure 169 shows the rating 
chart and heat dissipation curves. 

6. When the exposure is completed, the 
line switch should be opened and the filament 
control brought all the way down. 


NOTES ON OPERATION 
1. Never change the position of the auto- 
transformer tap selector while the x-ray circuit 
is energized. 
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Focal Spot Size 
By actual measurement the focal spot is 14 
inch square. 


Radiation Output 

Figure 170 contains a curve showing Kv.P 
vs. r per minute at a distance of 18” from the 
focal spot with a tube current of 10 M.A. 


"EXPOSURE TIMES NECESSARY TO : 
‘OBTAIN AN H@D DENSITY OF 2.5: 
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'3§ CURRENT OF 10 MA. STANDARD: / 
25 _W DEVELOPER USING MEDICAL UNIT Fe 
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FIGURE 170 
Film Curves 

See Figure 170 for a curve showing the ex- 
posure times necessary to obtain an H and D 
density of 2.5 on Eastman Type “F’”’, “‘A’’, and 
“M” at a focal film distance of 18”. The ex- 
posure time at any other distance varies in- 
versely as the square of the distance. 

It must be remembered that this low Kv.P 
range the radiation is not very penetrating. 
At 20 Kv.P an object thickness equivalent of 
1 mm. of aluminum necessitates an impracti- 
cally long exposure and at 45 Kv.P the maxi- 
mum thickness which may be radiographed 
with a practical exposure time is just a few 
millimeters of aluminum. As an aid in deter- 
mining the proper exposure time the above 
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chart shows the exposure time necessary to 
obtain a background density of 2.5 at different 
kilovoltages. The kilovoltage selected should 
be one which will provide a high background 
density and at the same time produce a suitable 
radiograph of the object. 


Maintenance 


If a higher kilovoltage is desired, the 110 
volt supply can be changed back to its proper 
tap to the auto-transformer, but it must be 
remembered that the filament supply lead must 
also be changed to obtain the proper voltage 
across it. 

One trouble encountered is the breaking of 

the soldered connections at the high tension 
bushings of the transformer. These may be 
resoldered. 


Occasionally the x-ray contactor should be 
checked to make certain that the contact with 
the series resistance closes first. 


Safety Devices 


The only electrical safety device is an over- 
load circuit breaker to protect the machine 
from overload. 


The only radiation safety device is a lead 
glass shield around the x-ray tube. The lead 
glass does not absorb all the radiation; so it is 
important that the operator either wear lead 
protective clothing or move back to some dis- 
ance during longer exposures, especially at 
higher kilovoltages. 


Special Uses 


The machine can be used for micoradiography 
or for obtaining diffraction patterns. Because 
of the tungsten target tube the radiation out- 
put at the wave-lengths desired is very small; 
consequently the exposure times are excess- 
ively long. Ordinarily in micoradiography and 
x-ray diffraction a suitable soft metal target 
is used which will give a high characteristic 
radiation output at the desired wave-length 
where as the tungsten target tube emits a 
relatively small amount of radiation of the 
continuous spectrum in this range. 
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Special Radiographic Instruments 


sults are an electrical discharge between the 
two electrodes and the consequent flow of cur- 
rent through the external resistance. The flow 
of current through the resistance produces a 
voltage drop across the resistance and reduces 
the voltage between the electrodes. This re- 
duction of voltage interrupts the discharge 
within the chamber and stops the flow of cur- 
rent through the resistance. The duration of 
this pulse of current depends upon the magni- 
tude of the resistance, the voltage and the 
structure of the Geiger Tube. During the in- 
terval when the tube is discharging, there is 
a voltage drop across the resistor. Therefore 
if the resistor is connected to the grid of an 
amplifying tube a pulse of current in the plate 
circuit will be caused by a discharge of the 
Geiger Tube. This pulse may be lead to a 
counting device or meter. The accuracy of 
this system of measuring radiation is reduced 
if the amount of radiation is large. 


Operation 


1. Connect all the different parts of the 
instrument with the proper leads. 

2. Make sure the sensitivity selector (E) is 
set to the least sensitive scale (#6), the high 
voltage Geiger Tube supply switch (D) is the 
lower position, the bridge potentiometer (B) 
is in the central position and the high voltage 
tube supply potentiometer (C) is in the low 
position. 

3. Turn the instrument supply switch (A) 
to either battery or A.C. and allow a few 
minutes for the vacuum tubes to warm up. 

4. Set Geiger Tube in the proper place to 
measure the radiation. Turn the high voltage 
Geiger Tube supply switch (D) to the upper 
position. 

5. Adjust the meter to the “zero” position 
by. means of the potentiometer in the bridge 
circuit (B) ; i.e., the upper left control. 

6. Check operation of the instrument by 
taking the meter with the long lead to the x-ray 
control panel and starting the x-ray. If a full- 
scale meter reading is not obtained, the sensi- 
tivity will have to be increased by either 
changing the range by means of the selector 
switch or for a small change by changing the 
position of the high voltage Geiger Tube supply 
potentiometer (C) to increase the voltage. To 


check the operation by means of a radium 
paint source the selector (E) should be set to 
the number 1 position of greatest sensitivity 
and the potentiometer (C) to the position of 
maximum voltage and the meter ‘“‘zeroed” by 
means of the upper left potentiometer (B). 
The paint source should be brought to the 
Geiger Tube and any meter defection noted. 
If this latter test is used the sensitivity selector 
(E) should be set to a position of lesser sensi- 
tivity and the meter again “zeroed” before 
exposing the counter tube to the x-ray source. 
It is advisable to secure the high voltage supply 
(D) to the counter tube when changing ranges 
of sensitivity. 

7. In securing the instrument it is necessary 
to bring the instrument supply switch (A) to 
the central position and bring the high voltage 
Geiger Tube supply switch (D) to the lower 
position. 


Uses 

1. The instrument was originally designed 
as an exposure meter for radium and as such 
is used in the following ways: 

(a) By placing the Geiger Tube behind the 
object to be radiographed and checking the 
reading of the microammeter; then move the 
instrument back until the meter reading is the 
same with no absorber between the Geiger tube 
and the radium source. The exposure time for 
the object would be the same as that for a film 
placed at the greater distance with no absorber. 

(b) Set the instrument so that it reads a 
certain amount at a standard distance; then 
place the counter tube behind the object and 
check the meter reading. The proper exposure 
time may be obtained from curves drawn to 
show the proper exposure time at any meter 
reading. 

2. The instrument may be used for measur- 
ing absorptions of any material providing the 
radiation is of 100 Kv.P. or higher. The in- 
strument does not indicate accurate percentages 
of transmission; therefore, in. making absorp- 
tion tests, corrections will have to be made to 
the readings. Figure 13090 is a graph of per- 
centages of transmission at 400 Kv.P. plotted 
against thickness of copper in millimeters with 
two curves showing the readings of the Geiger 
counter and a Condenser R-meter. The cor- 
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center is interposed approximately midway be- 
tween the x-ray tube target and the film. A 
smaller hole will produce a more sharply defined 
spot image, but will require a longer exposure 
time. From the image size and the distances, 
the spot size may be easily calculated. 

Using the spot size camera, one must scan 
the target with a lead block of suitable thick- 
ness having a small slit approximately .003 
inch wide. 
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A device using this principle is shown in 
Figure 179. The circuit shown is shown in 
Figure 180. There are two lead blocks rein- 
forced with 14” steel plates on each side and 
separated from each other by .003”. These 
blocks are moved back and forth by a reversible 
motor and gear reduction. This oscillation 
allows the block to scan the area beneath the 
target twice a minute. The film is placed in 
the slot beneath the blocks. 

To measure the focal spot size of the Van de 
Graaff generator, raise the camera until it is 
18” from the target. Dental film is placed in 
the holder and the 110 volt lead plugged into 
supply. The exposure time is 200 seconds 1.5 
feet, 2 M.E.V., 300 ua. 

To obtain the spot size, place the film on the 
viewer and measure the width very carefully. 
The focal spot equals the width of line minus 
twice the shim thickness. If two measurements 
are made 90° apart, they should be equal and 
the spot is round. 

Spot Location—The position of the focal 
spot can be found by this method if the film 
and camera are centered very carefully and the 
measurements correlated with the position of 
the line on the film. 

Another method of locating the spot is to 
suspend two brass balls by means of a string 
from the center of the target so that the first 
ball is 6’ and the second ball 12” from the 
target. 

A film is exposed for 200 seconds, 300 ua, 2 
MEV, in contact with lower ball. The focal 
spot will be off center by the distance between 
ball centers and in the opposite direction. Al- 
ways square film with building so that results 
can be correlated. This distance should never 
be more than 14 of an inch. The spot can be 
centered by tightening bolts on tube flange or 
shortening target. 
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The x-ray transformer and tube are mounted 
independently. The tube has a flat anode; 
radiation is emitted from two ports. The port 
supplying the Geiger Counter is covered by slit 
and a shutter which protects the operator 
when adjusting the sample in the holder. 

The Geiger Counter circuit is mounted in a 
separate cabinet. The counting circuit is used 
to record the intensities of the reflected radia- 
tion. This circuit is adjusted before readings 
are begun. The motor mounted on the counter 
tube moves the tube around the arc at the rate 
of 2 degrees per minute. 

The Recorder, connected in the counter 
circuit is an Esterline-Angus recording milliam- 
meter. 


Operation 

The entire installation is operated from an 
ordinary 115 volt A.C. outlet, with the third 
wire connected to ground. The outlet should 
be capable of supplying one KVA. 

At start all switches are off, the x-ray flag 
or shutter up, and the motor not attached. Turn 
on the x-ray main switch and the counter main 
switch. When the counter voltmeter indicates 
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FIGURE 182. Schematic Wiring Diagram, G. M. Tube 
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1400 volts on the Geiger tube turn on the x-ray 
contactor. Slide the Goniometer to the upper 
end of its travel or to a point a part of a degree 
past the desired starting point. Align the 
paper in the recorder with one of the cross 
lines. Mark the paper with the sample’s data 
and the starting angle. Lower the x-ray flag, 
attach the driving motor. When the motor 
brings the indicator to zero at the desired angle, 
turn on the recorder switch. At the end of the 
run the motor will be shut off when its switch 
strikes the stop which can be placed at any 
desired point. Raise the x-ray flag and remove 
the motor. It has been found helpful to use an 
interval timer clock to give an audial indication 
of the finishing of the run, set in minutes at the 
angle to run divided by two. To prevent dam- 
age to the meters and to give silent running, 
leave the METER switch at VOLTS and the 
TIMER switch at RESET. 


Notes 


In order to obtain maximum peaks on the 
frequency meter the 6SJ7 tube has been re- 
placed with a 6AC7, if slightly greater gain is 
required a 6AG7 tube may be used. The change 
involves mere interchange of the tubes as the 
base diagrams are essentially the same. Also 
the plate and grid resistors have been changed 
from 39,000 OHMS each to 10,000 OHMS and 
20,000 OHMS respectively. 

After the reflected intensities and positions 
are determined from the recording tape, then 
the d spacing can be calculated from the table 
indicated below. The tracings given by each 
substance acts as its identification signature. 
By using the Hanawalt Tables the substance 
can be identified. There are three cards for 
each substance. 

1. Showing strongest line first. 

2. Showing middle line first. 

3. Showing weakest line first. 

When a known substance has been identified 
with a tracing from the spectrometer that trac- 
ing can be used as a master trace to identify 
all other samples that show the same pattern. 

The circuits are shown to aid in using the 
spectrometer. Care should be exercised to 
avoid exposure to the direct beam. 
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The x-ray transformer and tube are mounted 
independently. _The tube has a flat anode; 
radiation is emitted from two ports. The port 
supplying the Geiger Counter is covered by slit 
and a shutter which protects the operator 
when adjusting the sample in the holder. 

The Geiger Counter circuit is mounted in a 
separate cabinet. The counting circuit is used 
to record the intensities of the reflected radia- 
tion. This circuit is adjusted before readings 
are begun. The motor mounted on the counter 
tube moves the tube around the arc at the rate 
of 2 degrees per minute. 

The Recorder, connected in the counter 
circuit is an Esterline-Angus recording milliam- 
meter. 


Operation 

The entire installation is operated from an 
ordinary 115 volt A.C. outlet, with the third 
wire connected to ground. The outlet should 
be capable of supplying one KVA. 

At start all switches are off, the x-ray flag 
or shutter up, and the motor not attached. Turn 
on the x-ray main switch and the counter main 
switch. When the counter voltmeter indicates 
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1400 volts on the Geiger tube turn on the x-ray 
contactor. Slide the Goniometer to the upper 
end of its travel or to a point a part of a degree 
past the desired starting point. Align the 
paper in the recorder with one of the cross 
lines. Mark the paper with the sample’s data 
and the starting angle. Lower the x-ray flag, 
attach the driving motor. When the motor 
brings the indicator to zero at the desired angle, 
turn on the recorder switch. At the end of the 
run the motor will be shut off when its switch 
strikes the stop which can be placed at any 
desired point. Raise the x-ray flag and remove 
the motor. It has been found helpful to use an 
interval timer clock to give an audial indication 
of the finishing of the run, set in minutes at the 
angle to run divided by two. To prevent dam- 
age to the meters and to give silent running, 
leave the METER switch at VOLTS and the 
TIMER switch at RESET. 


Notes 


In order to obtain maximum peaks on the 
frequency meter the 6SJ7 tube has been re- 
placed with a 6AC7, if slightly greater gain is 
required a 6AG7 tube may be used. The change 
involves mere interchange of the tubes as the 
base diagrams are essentially the same. Also 
the plate and grid resistors have been changed 
from 39,000 OHMS each to 10,000 OHMS and 
20,000 OHMS respectively. 

After the reflected intensities and positions 
are determined from the recording tape, then 
the d spacing can be calculated from the table 
indicated below. The tracings given by each 
substance acts as its identification signature. 
By using the Hanawalt Tables the substance 
can be identified. There are three cards for 
each substance. 

1. Showing strongest line first. 

2. Showing middle line first. 

3. Showing weakest line first. 

When a known substance has been identified 
with a tracing from the spectrometer that trac- 
ing can be used as a master trace to identify 
all other samples that show the same pattern. 

The circuits are shown to aid in using the 
spectrometer. Care should be exercised to 
avoid exposure to the direct beam. 
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The Geiger Counter X-Ray Spectrometer 


TABLE XLI 
X-RAY SPECTROMETER CONVERSION TABLE 
Goniometer Angle to Interplanar Spacing From Bragg’s equation: 
Column one d Goniometer angle Nx 
two d Interplanar spacing d 29 sin 0 
three | Difference 
Center of sheet Interpolation table d Interplanar spacing in Angstréms 
N An integer, this case - unity 
N X-ray wavelength in Angstréms 
Copper target 1.539 A 
6 Reflection angle in degrees 
equal to % ¢ 
¢ Goniometer angle in degrees 
¢ d ¢ d 3 
2.0 44.1 1 21 20 19 18 17 6.0 14.7 9 
1 42.0 19 1 5 8 
2 40.1 18 1 9 9 ) 9 9 2 2 9 
3 38.3 15 2 4 4 4 4 3 3 0 9 
4 36.8 15 3 6 6 6 5 5 4 13.8 9 
5 35.3 14 4 8 8 8 q q 5 6 9 
6 33.9 12 5 10 10 10 9 9 6 4 9 
7 32.7 12 6 13 12 11 11 10 7 2 ° 
8 31.5 1 7 15 14 13 13 12 8 0 9 
9 30.4 8 17 16 15 14 14 9 12.8 
9 1 1 17 16 1 
3.0 29.4 : : : 7.0 12.60 a 
1 28.4 8 1 43 18 
2 27.6 9 2 25 16 
3 26.7 8 3 09 17 
4 25.9 7 16 15 14 13 12 4 11.92 15 
5 2 7 5 17 16 
6 24.5 7 1 9 9 1 1 1 6 61 16 
q 23.8 6 9 3 3 3 3 2 7 46 15 
8 2 6 3 5 4 4 4 4 8 31 14 
9 22.6 4 6 6 6 5 5 9 17 
6 5 8 8 q 6 6 14 
4.0 22.0 : G 10 9 8 8 7 8.0 11.03 hi 
2 0 5 8 13 12 11 10 10 2 76 13 
3 20.5 5 9 14 14 13 12 11 3 63 12 
4 0 4 4 51 13 
5 19.6 5 38 
6 2 a 6 26 ve 
4 12 
q 18.8 q 14 
: : : 11 9 8 7 6 5 ve if 
9 0 9 9.92 
4 1 1 1 1 1 1 0 12 
5.0 17.6 ; 9 9 9 9 1 1 1 9.0 9.80 a 
1 3 3 3 3 3 2 2 2 2 1 0 a 
7 0 4 4 4 4 3 3 2 2 : 59 10 
3 16.6 : 5 g 4 Fi ; : : 3 49 o 
? : 3 6 7 5 5 4 4 3 : 39 10 
: 2 7 8 6 6 5 4 4 ® s 9 
6 15.8 3 8 9 7 6 6 5 4 6 20 10 
: 6 3 9 10 8 7 6 5 5 i 9 
8 2 9 8 01 9 
9 0 9 8.92 
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TABLE XLI—Continued 











¢ d 9 o d 3 
10.0 8.83 9 9 8 7 6 15.0 5.90 g 
1 74 g 2 82 g 
2 66 9 1 1 1 1 1 4 74 7 
3 57 g 2 2 2 1 1 6 67 7 
4 49 8 3 3 2 2 2 8 60 
5 41 : 4 4 3 3 2 7 
6 33 8 5 4 4 4 3 16.0 5.53 7 
7 25 7 6 5 5 4 4 2 46 s 
8 18 8 7 6 6 5 4 4 40 7 
9 10 8 7 6 6 5 6 33 6 
7 9 8 7 6 5 8 27 
11.0 8.03 7 6 
1 7.96 g 17.0 5.21 7 
2 88 6 2 14 5 
3 82 7 4 09 6 
4 75 7 6 03 6 
5 68 7 8 4.97 
6 61 6 5 
7 55 6 18.0 4.92 6 
8 49 7 2 86 5 
9 42 4 81 5 
g 5 4 3 6 76 5 
12.0 7.36 8 71 
1 30 $ 1 0 0 0 
6 5 
2 24 - 2 1 1 1 19.0 4.66 5 
3 18 - 3 2 1 1 2 61 4 
4 12 , 4 2 2 1 4 57 5 
5 07 6 5 3 2 2 6 52 4 
6 01 - 6 3 2 2 8 48 
7 6.96 6 q 4 3 2 5 
8 90 5 8 4 3 2 20.0 4.43 4 
9 85 9 5 4 3 2 39 5 
q ae 4 
13.0 6.78 4 5 30 4 
1 14 5 8 26 
2 69 5 4 
3 64 4 21.0 4.22 9 
4 60 4 5 13 10 
5 56 22.0 03 9 
6 50 : 5 3.94 
7 45 5 g 
8 40 4 23.0 3.86 g 
9 36 5 78 
24.0 70 
14.0 6.31 ‘ 5 63 f 
4 
1 27 5 7 
2 22 4 25.0 3.56 7 
3 18 4 5 49 7 
4 14 4 26.0 42 6 
5 10 4 5 36 
6 06 4 
7 02 5 
8 5.97 4 
9 93 
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TABLE XLI—Continued 


p d p d 


27.0 3.30. : 7 6 5 4 55.0 1.67 : 
5 24 4 56.0 64 4 
28.0 18 5 1 1 1 0 0 57.0 61 2 
5 13 2 1 1 1 1 58.0 59 3 
6 3 2 2 2 1 59.0 56 
29.0 3.07 5 4 3 2 2 2 3 
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Supplement 


radiograph that can be viewed by reflected 
light. 

A comparison can be seen between the re- 
production of the instrument exposed on East- 
man A film and same instrument on paper. 
Both have been reproduced photographically. 

The sensitivities at 114 inches of steel at 
400 KV with lead screens, developed in stand- 
ard developer is 1.5%. 
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Estimation of Exposure 


The normal method for obtaining exposure 
time is by technique charts or by half value 
method. However, occasionally an object is 
misjudged and another radiograph must be 
taken. Then there is the problem of exposure 
time. For the solution to this there is a set of 
characteristic curves for different films de- 
veloped in standard, which is very helpful. 

The exposure is plotted against density for 
400 KV M.A. 6 feet on log scale. To use these 
curves the density of the first film must be 
known. The film is washed quickly and dried 
by a squeege then the density is read on East- 
man Comparator Densitometer. 

Using this density project, a line to the film 
curves used and from that point project line to 
the base. Follow same procedure for desired 
density. This will give the ratio between the 


old exposure and the new exposure so multiply 
this ratio times the actual exposure time to ob- 
tain the new exposure. 


Example: 1st exposure 110 seconds 
film density 9 
desired density 1.5 
film A developed in standard. 
18 
i xX 110 = _ 180 seconds. 


When a different developer is used another 
characteristic curve must be used. 


Microdol Developer 


Microdol is an Eastman photographic de- 
veloper recommended for fine detail and ex- 
cellent latitude qualities. The chemical formula 
for microdol has not been published but it is 
thought to be a metol or elon developer which 
makes it essentially the same as Eastman 
DK-20. 

When microdol is used for x-ray film it is 
desired to have a developing time between 5 
and 8 minutes so that to increase its speed, 10 
ounces of kodalk is added to the 5 gallon solu- 
tion. Instead of increasing the developing 
time as the solution is used it is more conveni- 
ent to add replenisher. Microdel replenisher 
is used to build up the solutions; 20 ounces of 
kodalk is added to the 5 gallon solution of re- 
plenisher. 

Microdol] developer is not as stable as x-ray 
developers so it is necessary to control the de- 
veloper speed and contrast. This control is 
obtained by using exposure strips which are 
run through the solution every 10 films to de- 
termine the amount of replenisher to be added. 
The density is measured and by the use of 
charts for developing time vs. density, an esti- 
mate of the developing time required for a defi- 
nite density may be made. Or replenisher may 
be added to bring the density up to the desired 
level. 

Occasionally with a fine grain developer the 
film will become mottled during processing so 
it is necessary to wash the film for two minutes 
in an acid solution or stop bath. Continuous 
agitation with an oscillating motion of the film 
is recommended while film is in developer. 

If microdol is not available, DK-20 may be 
used. 
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